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N-Terminus Modifled Analogs of LHRH 

Cross-Reference to Related Applications 
This application is a continuation-in-part of co-pending application Serial No. 
5 08/103,474 filed August 6, 1993. 

Technical Field 

The present invention relates to organic compounds having biological activity, 
to compositions containing the compounds, and to medical methods of treatment 
10 More particularly, the present invention concerns certain N- terminus modified deca- 
and undecapeptides having LHRH antagonist activity, pharmaceutical compositions 
containing the peptides, and a method of inhibiting LHRH activity in a mammal in 
need of such treatment 

Background of the Inventio n 

15 The gonadotropins: follicle stimulating hormone (FSH), luteinizing 

hormone (LH), and chorionic gonadotropin (CG), are required for ovulation, 
spermatogenesis, and the biosynthesis of sex steroids. A single hypothalamic 
hormone, gonadotropin-releasing hormone (GnRH, also known as luteinizing 
hormone-releasing hormone, LHRH) is responsible for regulating the secretion of 

20 both FSH and LH in mammals. 

The structure of LHRH was determined by A. V. Schally, et al, Science. 
1 7 3: 1036- 1037 ( 1971). Early attempts to prepare peptides having LHRH-like 
activity centered on the synthesis of compounds which were LHRH agonists. 
However, in 1976 it was found that while individual doses of LHRH stimulated the 

25 release of gonadotropin, the continuous administration of small doses of LHRH or 
chronic administration of LHRH agonists had the opposite effect. This finding 
stimulated research for the discovery of both agonist and antagonist analogs of LHRH 
as agents useful for regulating sex steroids in mammals. A considerable number of 
patents and articles in the open literature disclose analogs of LHRH which either act as 

30 agonists of LHRH (i.e. act to stimulate the release of LH and FSH) or as antagonists 
of LHRH (i.e. act to inhibit the release of LH and FSH). For the most part, these 
compounds contain nine or ten aminoacyl residues, substituting naturally-occurring or 
non-naturally-occurring amino acid residues at one or more positions in the natural 
sequence of LHRH. In some cases, active antagonists of LHRH have been reported 

35 which contain fewer than ten amino acid residues. 
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The literature has reported that LHRH antagonists are useful for the treatment 
of a variety of conditions in which the suppression of sex steroids plays a key role 
including contraception, delay of puberty, treatment of benign prostatic hyperplasia, 
palliative treatment or remission of hormonal-dependent tumors of the breast and 
5 ovaries, palliative treatment or remission of hormonal -dependent tumors of the 
prostate, the treatment of cryptoorchidism, hirsutim in women, gastric motility 
disorders, dysmenorrhea, and endometriosis. 

Summary of the Invention 
1 o The present invention provides, in its principle embodiment, a class of deca- 

and undecapeptide antagonist analogs of LHRH which have been modified at the N- 
terminus by addition of either an acyl functional group or an acyl functional group 
together with an additional aminoacyl residue. The compounds of the present 
invention inhibit the secretion of gonadotropins by the pituitary gland and inhibit the 
1 5 release of steroids by the gonads. 

In particular, the peptides of the present invention have the structure: 

X-A-B-C-D-E-F-G-H-I-J-K 
0123456789 10 11 

where the letters A through K represent aminoacyl residues and X represents an N- 
20 terminus-modifying acyl group. In accordance with the present invention, the 
residues are selected from the following: 

X is an acyl group selected from the group consisting of (a) dihydroshikimyl, 
(b) 2-furoyl, (c) 3-furoyl, (d) tetrahyrofuro-2-yl, (e) tetrahydrofuro-3-yl, (0 (thien-2- 
yl)carbonyl, (g) (thien-3-yl)carbonyl, (h) (tetrahydrothien-2-yl)carbonyl, (i) 
25 (tetrahydrothien-3-yl)carbonyl, (j) pyrroI-2-yl)carbonyl, (k) (pyrroI-3-yl)carbonyl, (1) 
prolyl, (m) N-acetyl-prolyl, (n) 3-(indolin-3-yl)propionyl, (o) (indolin-3-yl)acetyl, (p) 
(indohn-2-yl)carbonyl, (q) (indolin-3-yI)carbonyl, (r) benzo[&]fur-2-yl)carbonyl, (s) 
(dihudrobenzo[&]fur-2-yl)carbonyl, (t) (tetrahydropyran-2-yl)carbonyl, (u) 
(tetrahydropyran-3-yI)carbonyI, (v) (piperidin-3-yl)carbonyl, (w) (N-acetylpiperidin- 
30 3-yl)carbonyl, (x) nicotinyl, optionally substituted with alkyl of from one to six 
carbon atoms, alkoxy of from one to six carbon atoms, halogen, or hydroxy, (y) 
isonicotinyl, optionally substituted with alkyl of from one to six carbon atoms, alkoxy 
of from one to six carbon atoms, halogen, or hydroxy, (z) picolinyl, (aa) 2-, 3- or 4- 
quinolinecarbonyl, optionally substituted with alkyl of from one to six carbon atoms, 
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alkoxy of from one to six carbon atoms, halogen, or hydroxy; (bb) salicyl, (cc) 
shikimyl, and (dd) p-toluenesulfonyl. 

A is absent or is an aminoacyl residue selected from the group consisting of |3- 
alanyl, D-alanyl, 3-aminopropionyl, 4-aminobutyryI, 5-aminovaleryl, 6-amino- 
hexanoyl, 7-aminoheptanoyl, 8-aminooctanoyl, 11-aminoundecanoyl, azaglycyl, 
glycyl, sarcosyl, and D-seryl. 

B is an aminoacyl residue selected from the group consisting of D- 
phenylalanyl, D-3-(4-chlorophenyl)alanyl, D-3-(4-fluorophenyl)alanyI, D-3- 
(quinolin-3-yl)alanyl, sarcosyl, glycyl, azaglycyl, D-33-diphenylalanyl, N a -methyl- 
D-3-(naphth-2-yl)alanyl, and D-3-(naphth-2-yl)alanyl. 

C is an aminoacyl residue selected from the group consisting of D-3-(4- 
chlorophenyl)alanyl, D-33-diphenylalanyl, D-3-(4-fluorophenyl)alanyl, D-3-(naphth- 

2- yl)alanyl, D-phenylalanyl, and D-3-(quinolin-3-yl)alanyl. 

D is an aminoacyl residue selected from the group consisting of D-alanyl, D- 

3- (benzo[Z>]thien-2-yl)alanyl, glycyl, D-3-(naphth-l-yl)alanyl, D-3-(pyrid-3-yl)alanyl, 
D-3-(quinolin-3-yl)alanyl, and D-3-(thiazol-2-yl)alanyl. 

E is an aminoacyl residue selected from the group consisting of glycyl, L- 
seryl, L-homoseryl, L-seryl(Obenzyl), and N a (Rl)-L seryl where Rl is alkyl of 
from one to four carbon atoms. 

F is an aminoacyl residue selected from the group consisting of N a (R 1 )- 
alanyl, N a (R 1 )-(3-(4-(3-amino-l^,4-triazol-5-yl)amino)phenyl)alanyl, N a (R^H3- 
(4-((3-amino-l,2,4-triazoI^^^ 

amino- l,2,4-triazol-5-yl)amino)cyclohexyl)alanyl, N a (Rl)-(3-(4- 
(nicotinyl)amino)cyclohexyll)alanyl, N a (R 1 )-(N-E-nicotinyl)lysyl, N a (R 1 )-(N-e-(3- 
amino-l^^triazol-S-yOlysyU^CR^-S-C^nitrophenyOalanyl, N a (R!)-3-(4- 
aminophenyl)alanyl, N a (R ] )-3-(4-aminocyclohexyl)alanyl, N a (Rl)-tyrosyl, 
N a (Rl)-tyros>1(Omethyl),N a (R 1 )-phenylalanyl, N a (R 1 )-cyclohexylalanyl, 
N«(Rl)-glycyl, N^R^-arginyl, N^R^-histidyl, and N a (Rl)-homoarginyl; where 
R 1 is hydrogen or alkyl of from one to four carbon atoms. 

G is an aminoacyl residue selected from the group consisting of glycyl, D- 
citrullyl, D-homocitrullyl, p-alanyl, and an aminoacyl residue of the structure 



WO 95/04541 



PCT/US94/08678 



4 




1ST 



,H 




where X is selected from the group consisting of -(CH2)n- where n is one to six and 



alanyl, L-alanyl, 4-aminobutyryl, 5-aminopentanoyl, 6-aminohexanoyl, 7- 
aminoheptanoyl, 8-amino-octanoyI, 1 1 -aminoundecanoyl, azaglycyl, D-3- 
(benzo[fc]thien-2-yl)alanyl, L-3-(benzo[&]thien-2-yl)alanyl, D-3-(4- 
chlorophenyl)aIanyl, D-cyclohexylanalyl, glycyl, D-histidyl, D-histidyl(benzyl), D- 

10 leucyl, D-3-(naphth-2-yI)aIanyl, D-phenylalanyl, D-3-(pyrid-3-yl)alanyl, sarcosyl, 
seryl, D-seryl, D-threonyl, D-3-(thiazol-4-yl)alanyl, D-tryptyl, D-tyrosyl, D- 
tiyosyl(O-methyl), and D-valyl. 

Z is either absent or is an aminoacyl residue selected from the group consisting 
of D-alanyl, L-alanyl, azaglycyl, D-cyclohexylalanyl, glycyl, D-histidyl, D- 

15 phenylalanyl, 3-((4-(3-amino-l^,4-triazol-5-yl)amino)phenyl)alanyl, (3-(4-((3- 

amino-l,2,4-triazol-5-yl)amino)methyl)phenyl)alanyl, sarcosyl, D-seryl, L-seryl, and 




5 



Y is absent or is an aminoacyl residue selected from the group consisting of D- 



O 




H 



H 



where m is an integer of from one to twelve, inclusive. 
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R2 is3-amino-l,2,4-triazol-5-yl or is an acyl group selected from the group 
consisting of acetyl; (4-acetylpiperazin-l-yl)carbonyl; (adamant- l-yl)carbonyl; 
benzoyl, optionally substituted with a group selected from alkyl of one to four carbon 
atoms, alkoxy of one to four carbon atoms, and halogen; butyryl; cycolhexylcarbonyl; 
5 dihydroshikimyl; formyl; nicotinyl; 2-furoyl; 2- and 6-hydroxynicotinyl; (indol-2- 
yl)carbonyl; isonicotinyl; (4-methylpiperazin-l-yl)carbonyl; (moiphilin-l-yl)carbonyl; 
2- and 6-methylnicotinyl; 1- and 2-naphthoyl optionally substituted with a group 
selected from alkyl of one to four carbon atoms, alkoxy of one to four arbon atoms, 
and halogen; picolyl; (piperazin-l-yl)carbonyl; propionyl, pyrazinoyl; pyridylacetyl; 
10 (pyrrolyl)carbonyl; (quinolinyl)carbonyl; salicyl; shikimyl; 2-(tetrahydrofuroyl), and 
(thien-2-yl)carbonyl. 

H is an aminoacyl residue selected from the group consisting of L-leucyl; 
NKR^-L-leucyl; glycyl; sarcosyl; prolyl; L-valyl; L-cyclohexylalanyl; and N a (R 1 )-L- 
cyclohexylalanyl; where R 1 is hydrogen or alkyl of from one to six carbon atoms. 
15 I is an aminoacyl residue selected from the group consisting of L-citruIlyl; 

L-homocitrullyl; L-histidyl; L-(N-e-isopropyl)lysyl; L-arginyl; and N a (R 1 )-L-arginyl; 
L-homoarginyl; L-2-amino-6-N8-ethyIguanidinohexanoyl; and L-2-amino-6-Ng,N8- 
diethylguanidinohexanoyl. 

J is an aminoacyl residue selected from the group consisting of L-prolyl; 4- 
20 hydroxy-L-prolyl; L-pipecolyl; L-azetidinyl; L-2,8-tetrahydroisoquinoline-2-carbonyI, 
NfR^-L-leucyl; sarcosyl; glycyl; and N(R *)-L-alanyl ; where R * is hydrogen or alkyl 
of from one to six carbon atoms. 

K is -NH(CH2CH3) or is an aminoacyl residue selected from the group 

consisting of D-alanylamide, D-alanyl(OH), D-glutamyl(OH), L-glutamyl(OH), 
25 N(R* )-L-alanylamide, N(R ^-D-alanylamide, sarcosamide, D-serylamide, and 

azaglycylamide, glycylamide, where R 1 is as defined above and with the proviso that 
when K is -NH(CH2CH3) then J is L-prolyl. 

In another embodiment of the present invention there are provided 
pharmaceutical formulations for use in suppressing levels of sex hormones in a 
30 mammal comprising a sex hormone suppressing effective amount of a compound as 
defined above in combination with a pharmaceutically acceptable carrier. 

In yet another embodiment of the present invention there is provided a method 
of suppressing levels of sex hormones in a mammal comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a compound 
35 as defined above. 
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Detailed Description 
As used throughout this specification and the amended claims, the term 
"halide" as used herein refers to bromo (Br), chloro (CI), fluoro (F) or iodo (I). 

The terms "resin" or "peptide resin" as used herein refer to resins of the type 
5 commonly used in the art of synthetic peptide preparation. Examples of such resins 
include, but are not limited to, methyl benzhydrylamine (MB HA) or benzhydrylamine 
(BHA) orMerrifield resin (i.e. chloromethylated polystyrene). 

The term "alkyP as used herein refers to divalent straight or branched group 
derived from a saturated hydrocarbon by the removal of a single hydrogen atom. 
10 Examples of alkyl include, but are not limited to methyl, ethyl, propyl, iso-propyl, 
butyl, sec-butyl, iso-butyl, tert-butyl, pentyl, hexyl, and the like. 

The term "alkylene" refers to a straight or branched divalent group derived 
from a saturated hydrocarbon by the removal of two hydrogen atoms. Examples of 
alkylene include -CH 2 -, -CH 2 CH 2 -, -CH(CH 3 )CH 2 - and the like. 

15 The term "azetidinyl" refers to the cyclic aminoacyl residue derived from 

azetidine-2-carboxylic acid. 

The term "cycloalkyl" refers to a monovalent cyclic hydrocarbon group 
derived from a cyclic saturated hydrocarbon group by the removal of a single 
hydrogen atom. Examples of cycloalkyl groups include cyclopropyl, cycobutyl, 
20 cyclohexyl, cycloheptyl, bicyclo[2.2.2]octane, and the like. 

The term "cycloalkylene" refers to a divalent group derived from a saturated 
cyclic hydrocarbon by the removal to two hydrogens. Examples include 
cyclopentylene, cycohexylene, and the like. 

The term "isonicotinyl" means the acyl group derived from isonicotinic acid, 
25 i.e. pyridine-4-carboxylic acid. 

The term "nicotinyl" denotes the acyl group derived from nicotinic acid, i.e. 
pyridine-3-carboxylic acid. 

"PicolinoyP refers to the acyl group derived from picolinic acid, i.e. 2- 
pyridinecarboxylic acid. 
30 "Shikimyl" denotes the acyl residue derived from shikimic acid or [3R- 

(3a,4a,5p)-3,4^-trihydroxy-l-cyclohexene-l-carboxylic acid and 
"dihydroshikimyl" refers to the fully saturated analog of shikimic acid 

Unless indicated otherwise by a "D" prefix, the stereochemistry of the alpha- 
carbon atom of the amino acids and aminoacyl residues in peptides described in this 
( 35 specification and the appended claims is the natural or tt L" configuration. The Cahn- 
Ingold-Prelog U R" and "S" designations are used to specify the stereochemistry of 
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chiral centers in certain of the acyl substituents at the N-terminus of the peptides of 
this invention. The designation "R,S" is meant to indicate a racemic mixture of the 
two enantiomeric forms. This nomenclature follows that described in R. S. Cahn, C. 
K. Ingold, and V. Prelog, Angew. Cem.. Int. Ed. Engl. . 5: 385-415 (1966). 
5 For the most part, the names of naturally-occuring and non-naturally-occuring 

aminoacyl residues used herein follow the naming conventions suggested by the 
IUPAC Commission on the Nomenclature of Organic Chemistry and the IUPAC-IUB 
Commission on Biochemical Nomenclature as set out in "Nomenclature of a-Amino 
Acids (Recommendations, 1974)." Biochemistry. 14(2): 1975). To the extent that 
10 the names and abbreviations of amino acids and aminoacyl residues employed in this 
specification and appended claims differ from those suggestions, they will be made 
clear to the reader by the following. 

"Atz" or "Atza" means the substituent group 3-amino-i;>,4-triazol-5-yl. "BaT 
stands for 3-(benzo[fc]thien-2-yl)alanine, with "ThiaT and "Thiaz" representing 3- 
15 (thien-2-yI) alanine and 3-(thiazolyl)aIanine, respectively. 

"Cha" represents 3-cyclohexylalanine and various amino acids derived from 
phenylalanine by substitution of the phenyl group are represented by abbreviations 
such as "D4ClPhe," "D4FPhe," "D4N02Phe," and "D4NH2Phe" which represent D- 
3-(4-chlorophenyl)alanine, D-3-(4-fluorophenyl)alanine, D-3-(4-nitrophenyl)alanine, 
20 and D-3-(4-aminophenyI)alanine, respectively. 

"Cit" and "HCif stand for citrullyl and homocitrullyl (or L-2-amino-(6- 
aminocarbonylamino)hexanoic acid), respectively. 

M Cha(4AmPyzr represents a 3-((4-aminopyrazin-2-carbonyl)cyclohexyl)- 
alanyl aminoacyl residue. 

25 "DLys(Nic)" or 4< D-Lys(N-epsilon nicotinyl)" represents a D-lysine amino 

acid or aminoacyl residue substituted on the epsilon nitrogen atom of the side chain by 
a nicotinyl acyl group. Similarly, M DLys(Isonic)," "DLys(Shik) " "DLys(Fur)," and 
"DLys(THF)" represent D-lysine acylated on the epsilon nitrogen atom by an 
isonicotinyl, shikimyl, fur-2-oyl, or tetrahydrofur-2-oyl group. "DLys(Isp)," 

30 4 'DLys(Nisp) ,, or 44 D-Lys(N-epsilon isopropyl)" stand for a lysine substituted on the 
epsilon amino group of the lysine side-chain by an isopropyl group. 

"Harg" stands for homoarginyl or L-2-amino-6-guanidinohexanoyl). 
"HargEt" and i4 HargEt2" represent L-2-amino-6-Ng-ethylguanidinohexanoic acid and 
L-2-amino-6-N8,N8-diethylguanidinohexanoic acid, respectively. 
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"Aha" represents 4-aminoheptanboic acid; "Aca" represents 6-aminocaproic 
acid; "Gaba" denotes 4-aminobutyric acid; and "Bala" represents beta-aminoalanine or 

3-aminopropionic acid. 

"DlNal" and "D2Nal" represent D-3-(naphth-l-yl)alanine and D-3-(naphth-2- 

5 yl)alanine, respectively. "D3PaI" represents D-3-(pyrid-3-yl)alanine and "D3Qal" or 
"D3Qual" stands for D-3-(quinol-3-yl)alanine. "D-(4-Atza)Phe" or "DAtzPhe" means 
D-3-(4-(3-amino-lH-l,2,4-triazol-5-yl)amino)phenyl)alanine and "D-(4- 
Atzame)Phe" or "D-(AtzMe)Phe" represents D-3-(4-(((3-amino-lH-l,2,4'-triazol-5- 
yl)araino)methyl)phenyl)alanine. 

10 "Sar" and "SarNH2" mean sarcosine or the amide of sarcosine, respectively. 

The term "Aze" represents L-2-azetidinylcarbonyl, while "4-(p- 
OMeBz01)Hala" stands for 4-(4-methoxybenzoyl)homoalanyl and 
"DLys(COdiAmpropShik) refers to a D-Lysyl(N-e-carbonyl-N'^'-diaminoprop- 

aneshikimyl) aminoac>'l residue. 

15 By the term "pharmaceutically acceptable salt" is meant salts recognized in the 

pharmaceutical formulation arts as non-toxic and sutable for use in formulations 
intended for use in human and animal treatment. Suitable acids and bases useful for 
this purpose are listed, for example, in the review article, "Pharmaceutical Salts" by 
S. N. Berge, etal, J. Pharm. Sci.. 66: 1-19 (1977). 

20 Representative examples of compounds contemplated as falling within the scope 

of the present invention include, but are not limited to the following: 

N-Dmydroshikimyl-Gly-D2Nal-I>4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 

Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-2-Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
25 Nicotinyl)-Leu-Lys(N-epsilon-lsopropyl)-Pro-DAlaNH2; 

N-3Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsUon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-Picolyl-Gly-D2Nal-E)4aPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon-NicoUnyl)- 

Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
30 N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicounyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-Isonicotinyl-Gly-D2Nal-I>^lPhe-D3Pal-Ser-NMeTvT-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-Salicyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon-Nicotinyl)- 

35 Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
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N[(R,S)-Tetrahydrofur-2-oyl]-Gly-D2NaI-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-ProDAlaNH2; 

N[(S)-Tetrahydrofur-2-oyl]^ 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropy])-Pro-DAlaNH2; 
5 N[(R)Teti^ydrofur-2-oyl]-Gly-D2Nal-IMClPhe-D3Pal-Ser-NM 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DA]aNH2; 

N-NicoUnyl-3Aminopropionyl-D2Nal-IMClPhe-D3Pal-Ser-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-l^u-Lys(N-epsilon-IsopropyI)-Pro-DAlaNH2; 
N-Shikimyl-3Aminopropionyl-D2N^ 
10 epsilon-Nicotinyl)^u-Lys(N-epsilon-Isopropyl)-Fto-DAlaNH2; 
N-NicotinyMAminobutyryl^ 
epsilon-Nicotinyl)-l^u-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-ShildmyMAminobutyryl-D2N^^ 
epsilon-Nicotinyl)-I^u-Lys(N-epsilon-lsopropyl)-PrchDAlaNH 
15 N-Nicotinyl-5Aminovaleiyl-D2N^ 

epsilon-Nicolinyl)-L^u-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-Shikimyl-5Aminovalery]-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-NicotinyI)-I^u-Lys(N-epsilon4sopropyl)-Pro-DAIaNH2; 

N-Shikimyl-DSer-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
20 Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 ; 
N-Nicotinyl-GIy-D2Nal-I>JCl^ 
Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-Nicotinyl-Gly-D2Nal-I>^ 
Leu-Lys(N-epsilon-Isopropyl)-ProDAlaNH2; 
25 N-Nicotinyl-Gly-D2NaI-IMClPhe^^ 

Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
NKR,S)Tetrahydrofu^ 

DLys(Azagly-NicotinyI)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(R,S)Tetrahydrofur-2-oyl-D2^ 
30 Nicolinyl)-Leu-Lys(N-epsilon-IsopropyI)-ProDAlaNH2 ; 

N-(R,S)TetrahydrcKFur-2-oyl-Gly-D2Nal-IMClPhe-D3Pa]-Ser-NMeTyr- 
DCit-Leu-Arg-ProDAlaNH2; 

N-(R,S)-Tetrahydro-Fur-2^ 

DLys(AzaGly-2-furoyl)-Leu-Lys(N-epsilon-Isopropyl)-F^DAlaNH2; 
35 N-SWkimyl-Gly-D2Nal-I>raP 
DAlaNH2; 
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N-Nicotinyl-Gly-D2Nal-I>^lPhe-D3P^-Ser-^eTyr-IX:it-Leu-Arg-Prc)- 
DAlaNH2; 

N-Succinyl-Gly-D2Nal-D4ClPhe-D3PaI-Ser-NMeT>T-DCit-Leu-Arg-Pro- 
DAlaNH2; 

5 N-Shikimyl-DAla-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro- 
DAlaNH2J 

N-Shikimyl-DSer-D2Nal-E)4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro- 
DAlaNH2; 

N-Nicotinyl-Sar-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg- 
10 Pro-DAlaNH2; 

N-ShildmyI-Sar-D2Nal-IMaPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg- 
Pro-DAlaNH2; 

N-Nicotinyl-DAla-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
Arg-Pro-DAlaNH2; 

1 5 N-Shikimyl-DAla-D2Nal-I>4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
Arg-Pro-DAlaNH2; 

N-Nicotinyl-DSer-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
Arg-ProDAlaNH2; 

N-Shikimyl-DSer-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Uu- 
20 Arg-Pro-DAlaNH2; 

N-Nicotinyl-DLys(Nic)-DSer-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2; 

N-ShikimyI-DLys(Nic)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 ; 
25 N-Nicotinyl-DLys(Shik)-DSer-D2NaI-E)4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2; 

N-Shikimyl-DLys(Shik)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2; 

N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg- 
30 Pro-DAlaNH2; 

N-(S)-Tetrahydiofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2; 

N-(R)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-ProDAlaNH2; 
35 N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT\T-DLys(Gly-Nic)-Leu- 
Arg-Pro-DAlaNH2; 
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N-Shildmyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(DSer-Nic)-Leu- 
Arg-Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-E)4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gl3'-Shik)-Leu- 
Arg-Pro-DAlaNH2; 

5 N-Shikimyl-Gly-D2Nal-D4ClPhe-DlNal-Ser-NMeTyr-DLys(Shik)-Leu-Arg- 
Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe-DLys(Shik)-Leu-Arg- 
Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-I>K:iPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Ile-Arg- 
10 Pro-DAlaNH2; 

N-Shikimyl-Gly-D2NaI-D4CIPhe-D3Pal-Ser-NMeT>T-DLys(Shik)-NMeLeu- 
Arg-Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg- 
Aze-DAlaNH2 ; 

1 5 N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(GlyGlyNic)- 
Leu-Arg-Pro-DAlaNH2; 

N-(L-Gulonyl)-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly-L- 
Gulonyl)-Leu-Arg-Pro-DAlaNH2; 

N-Nicotinyl-Gly-D2Nal-E)4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly-Shik)-Leu- 
20 Arg-Pro-DAlaNH2; 

N-NicotinyI-Gly-D2NaI-I>4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Ile-Arg- 
Pro-DAlaNH2; 

Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shikimyl)- 
NMeLeu-Arg-Pro-DAlaNH2; 

25 N-NicoUnymiy-D2Nal-D4ClPhe-D3PaI-Ser-NMeTyr-DLys(Shikimyl)-Leu- 
Arg-Aze-DAlaNH2; 

N-Nicotinyl-DSer-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(ShikimyI)- 
Leu-Harg-Pro-DAlaNH2; 

N(2-Furoyl)-Gly-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
30 Harg-Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(Shik)-Leu- 
Harg-Pro-DAlaNH2; 

N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly-Shik)-Leu- 
Harg-Pro-DAlaNH2; 

35 N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nicotinyl)-Leu- 
Harg-Pro-DAlaNH2; 
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N-(3-Quinolinyl)-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shikimyl)- 
Leu-Harg-Pro-D AlaNH2 ; 

N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe-DLys(Shik)-Leu- 
Harg-Pro-DAlaNH2; 

5 N-Nicotinyl-GIy-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(N02)-DLys(Shik)- 
Leu-Harg-Pro-DAlaNH2; 

N-Shikimyl-GIy-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(N02)-DLys(Shik)- 
Leu-Harg-Pro-DAlaNH2; 

N-NicotinyI-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Arg- 
10 Pro-DAlaNH2; 

N-(R,S)-Teirahydrofur-2oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Gly-Nic)-Leu-Arg-Pro-DAlaNH2 ; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(Nic)-Leu-Arg- 
Aze-DAlaNH2; 

15 N-NicoUnyI-3-AminopropionyI-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shikimyl)-Leu-Arg-Pro-DAlaNH2; 

N-Shikimyl-3-Aminopropionyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2 ; 

N-Nicotinyl-3Aminopropionyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
20 DLys(Shik)-Leu-Harg-Pro-DAlaNH2; 

N-Shikimyl-IMClPhe-D3Pal-Ser-NMeTyr-DLys(GlyNic)-Leu-Lys(Isp)-Pn> 
DAlaNH2; 

N-Nicotinyl-Azagly-D2NaI-I>4ClPhe-D3Pal-Ser-NMeTyr-DLys(Azagly-Nic)- 
Leu-Lys(Isp)-Pro-DAIaNH2; 
25 N-Nicotinyl-Azagly-D4ClPhe-DBal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAIaNH2; 

N-(2-Furoyl)-Azagly-D4ClPhe-DBal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2; 

N-Isonicotinyl-Azagly-D4CIPhe-DBal-Ser-NMeTyr-DLys(Nic)-Leu- 
30 Lys(Isp)-Pro-DAlaNH2; 

N-Nicotinyl-AzagIy-D4ClPhe-DlNal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2; 

N-Nicotinyl-Sar-D4ClPhe-DBal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)-Pro- 
DAlaNHo; 

35 Nic-Gly-Sar-D4ClPhe-DlNa!-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)-Pro- 
DAlaNH2; 
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Nic-Gly-Sar-I>4ClPhe-DBal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)-Pro- 
DAlaNH2; 

N-NicotinyI-3-Aminopropionyl-D2Nal-D4CIPhe-DBal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
5 N-Nicotinyl-Azagly-D2Nal-EMClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2; 

N-SaIicyl-Azagly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2; 

N-Isonicotinyl-Azagly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
10 Lys(Isp)-Pro-DAlaNH2; 

N-Tosyl-Azagly-D2Nal-D4CJPhe-D3Pa]-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4CJPhe-D3Pal-Ser-Tyr- 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2; 

15 N-(R,S)-Tetrahydrofur-2-oyl-GIy-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)- 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DCit-Leu- 
Arg-Pro-SarNH2; 

N-(R,S)Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHcit- 
20 Leu-Arg-Pro-SarNH2; 

N-(R,S)Tetrahydrofur-2-oyI-Gly-D2NaI-D4ClPhe-D3Pal-Ser-Tyr-DHcit- 
Leu-Lys(Isp)-Pro-SarNH2; 

N-(R,S)Tetrahydrofur-2-oy1-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Arg-D- 
4{pOMeBzol)Hala-Leu-Arg-Pro-SarNH2; 

25 N-(R^S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
DHarg(Et2)-Leu-Harg(Et2)-Pro-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyI-G]y-D2NaI-D4ClPhe-D3Pal-Ser-NIMePhe(Atz)- 
DPhe(Atz)-Leu-Lys(Isp)-Pro-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Phe(Atz)- 
30 DPhe(Atz)-Leu-Lys(Isp)-Pro-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyI-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr- 
DLys(Azagly-2Fur)-Leu-Lys(Isp)-Pro-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Azagly-Nic)-Leu-Lys(Isp)-Pro-SarNH2; 

35 N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Gly-Nic)-Leu-Lys(Isp)-Pro-SarNH2; 
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N-Nicotinyl-Gly-D2NaI-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
Harg-Pro-SarNH2 ; 

NKR,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3PaI-Ser-NMeT>T- 
DLys(Shik)-Leu-Harg-Pro-DAlaNH2 ; 
5 N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Harg-Pro-SarNH2; 

N-Shikimyl-Gly-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
Harg-Pro-SarNH2; 

N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(Atz)-DLys(Shik)-Leu- 
10 Harg-Pro-DAlaNH2; 

N-Nicotinyl-Gly-D3Qal-D4ClPhe-D3P^-Ser-NMeTyr-DLys(Shik)-Leu- 
Harg-Pro-DAlaNH2; 

N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(COdiAmpropShik)-Leu-Harg-Pro-SarNH2; 
1 5 NKR,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(COdiAmpropShik)-Leu-Harg-Pro-SarNH2; 

N-(R^)-Telrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(COdiAmpropShik)-Leu-Lys(lsp)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
20 DLys(COdiAmpropShik)-Leu-Lys(Isp)-Pro-SarNH2; 

N-Nicotinyl-Gly-D3Qal-IMClPhe-D3Pal-Ser-cis-Cha(4AmPrz)-DLys(Pic)- 
Leu-Arg-Pro-DAlaNH2; 

NShikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2; 
25 N-Dihydroshikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2; 

N-2Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2; 

N-3Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
30 Nicotinyl)-Leu-Lys(N-epsilon-I sopropyl)-Pro-DAlaNH2 ; 

N-Rcolyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-ProSarNH2; 

N-Nicotinyl-Gly-D2Nal-D4GlPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2; 
35 N-Isonicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicolinyl)-Leu-Lys( N-epsilon-I sopropyl)-Pro-SarNH2 ; 
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N-Salicyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2; 

N-Tosyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DCit-Leu-Arg-Pro-DAlaNH2; 
N-(S)-Tetrahydrofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)- 
5 Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(R)-Tetrahydrofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic). 
Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(S)-Tetrahydrofur-3-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)t- 
Leu-Lys(Isp)-Pro-DAlaNH2; 
10 N-(R)-Tetrahydrofur-3-oyl-D2Nal-D4ClPhe-D3PaI-Ser-NMeTyr- 
DLys(Nic)t-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-ShikimyI-D2Nal-IMClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)t-Leu-Lys(Isp)- 
Pro-DAlaNH2; 

N-2-Furoyl-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
15 Pro-DAlaNH2; 

N-3-Furoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAIaNH2; 

N-Thienyl-2^bonyl-mNal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2; 

20 N- Nicotinyl-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 

Pro-DAlaNH2; 

N-Picolinoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2; 

N-(6-Hydroxy)nicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(Nic)- 
25 Leu-Lys(Isp)-Pro-DAlaNH2; 

N-Isonicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2; 

N-(3-Pyridylacetyl)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2; 

30 N-Shikimyl-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2; 

N-Nicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2; 

N- Shikimyl- D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DLys(Nic)-Leu-Lys(Isp)-Pro- 
35 DAlaNH2; 
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N-(S)-Tetrahydofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DCit-Leu- 
Arg-Pro-DAlaNH2; 

N-(R )-Tetrahydofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DCit-Leu- 
Arg-Pro-DAlaNH2; 

5 N- (R )-5-Oxotetrahydorofur-2-oyl-D2Nal-D4ClPhe-D3PaI-Ser-NMeTyr- 

DCit-Leu-Arg-Pro-DAlaNH2; 

N- (S )-5-Oxo-tetrahydorofur-2-oyl-D2Nal-D4ClPhe-D3PaI-Ser-NMeTyr- 

DCit-Leu-Arg-Pro-DAlaNH2; 

N-Shildmyl-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro- 
10 DAlaNH2; 

N-2-Furoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pix>- 
DAlaNH2; 

N-Isonicotinyl-D2Nal-EHClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro- 
DAlaNH2- 

15 N-Rcolinoyl-D2Nd-I>4ClPhe-D3^ 
DAlaNH2; 

N-Nia)tinyl-D2Nal-D4aPhe-D3PaI-Ser-NMeTyr-DCit-L^u-Arg-Pm- 
DAIaNH2; 

N-(3-FVridylacetyl)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-^ 
20 DAlaNH2; and 

N-Shikimyl-D2Nal-D4ClPhe-D3F^ 
Pro-DAlaNH2. 

In one embodiment of the present invention, the aminoacyl residue A is 

absent, and the peptides of the present invention are decapapetides modified at the N- 

25 terminus with an acyl function and possess the structure 

X-B-C-D-E-F-G-H-I-J-K 
0123456789 10 

where X, B, C, D, E, F, G, H, I, J, and K are as defined above. 

Preferred compounds of the present invention have the structure 
X-GIy-D2Nal-D4CIPhe-D3Pal-Ser-AA 6 -AA 7 -Leu-AA 9 .Pro-AA 10 

30 where X is an acyl group selected from the group consisting of tetrahydrofur-3-oyl, 
(tetrahydrothien-2-yl)carbonyl, (pyrrol-2-yl)carbonyl, prolyl, (indolin-2-yI)carbonyl, 
3-(indolin-3-yl)propionyl, (dihydrobenzo[^]fur-2-yl)carbonyl, and (tetrahydropyran- 
2-yl)carbonyl. 
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AA 6 is an aminoacyl residue selected from the group consisting of tyrosyl, 
arginyl, N«-methyl tyrosyl, lysyl(N-epsilon-(3 '-amino- lH-r^'-triazol-Syl)), and 
Na-methyl-S-C^O'-amino-lH-l'^'^'-triazol-S-ylmethyOphenyOalanyl. 

A A 7 is an aminoacyl residue selected from the group consisting of D-citrullyl, 
5 D-homocitrullyl, D-lysyl(N-epsilon nicotinyl), D-lysyl(N-epsilon glycyl nicotinyl), 
D-lysyl(N-epsilon azaglycyl nicotinyl), D-lysyl(N-epsilon shikimyl), D-Iysyl(N- 
epsilon glycyl shikimyl), D-lysyl(N-epsilon azaglycyl shikimyl), D-lysyl(N-epsilon 
dihydroshikimyl), D-lysyl(N-epsilon glycyl dihydroshikimyl), D-lysyl(N-epsilon 
azaglycyl dihydroshikimyl), D-lysyl(N-epsiIon fur-2-oyl), D-lysyl(N-epsiIon glycyl 
10 fur-2-oyl), D-lysyl(N-epsilon azaglycyl fur-2-oyl), D-lysyl(N-epsilon tetrahydrofur- 
2-oyl), D-lysyl(N-epsilon glycyl tetrahydrofur-2-oyl), and D-lysyl(N-epsilon 
azaglycyl tetrahydrofur-2-oyl). 

A A' is an aminoacyl group selected from the group consisting of lysyl(N- 
epsilon isopropyl), arginyl, L-(Ng,N8-diethylhomoarginyl), and homoarginyl. 
15 A A 1 0 is an aminoacyl residue selected f rom the group consisting of D- 

alanylamide, and D-sarcosamide. 

Examples of compounds of this type include 
N-Slnldmyl-Gly-D2Nal-IMClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
20 N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Azagly-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydro-Fur-2-oyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DCit- 
25 Leu-Arg-Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro- 
DAlaNH2; 

N-Shikimyl-Gly-D2NaI-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg-Pro- 
DAlaNH2;and 

30 N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Harg- 
Pro-DAlaNH2. 

In a particularly preferred embodiment, compounds of this invention have the 
structure: 

35 X-Gly-D2Nal-D4ClPhe-D3Pal-Ser-N a MeTyr-AA 7 -Leu-Lys(Isp)-Pro-AA 10 

where X is an acyl group selected from the group consisting of tetrahydrofuro-2-yl ** 
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AA 7 is an aminoacyl residue selected from the group consisting of D-citruIlyl, 
D-lysyl(N-epsilon nicotinyl), D-lysyl(N-epsilon glycyl nicotinyl), D-lysyl(N-epsilon 
azaglycyl nicotinyl), D-lysyl(N-epsilon shikimyl), D-lysyl(N-epsilon glycyl 
shikimyl), D-lysyl(N-epsilon azaglycyl shikimyl), D-lysyI(N-epsilon 
5 dihydroshikimyl), D-lysyl(N-epsilon glycyl dihydroshikimyl), D-lysyl(N-epsilon 
azaglycyl dihydroshikimyl), D-lysyl(N-epsiIon fur-2-oyl), D-lysyl(N-epsilon glycyl 
fur-2-oyl), D-lysyl(N-epsilon azaglycyl fur-2-oyl), D-lysyl(N-epsilon tetrahydrofur- 
2-oyl), D-lysyl(N-epsilon glycyl tetrahydrofur-2-oyI), and D-lysyl(N-epsilon 
azaglycyl tetrahydrofur-2-oyl). 
10 A A 1 ® is an aminoacyl residue selected from the group consisting of D- 

alanylamide, and D-sarcosamide. 

Specific compounds of this embodiment are 
N[(R,S)-Teti^ydrofur-2-oyl^^ 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-IsopropyI)-Pro-DAlaNH2; 
15 N[(S)-Tetrahydrofur-2K>y^^ 

DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N[(R)Tetrahydrofur-2K>yl]-Gly-D2Nal-IMClPhe-D3Pal-Ser-NM 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl.Gly-D2Nal-mClPhe-D3Pal-Ser-NMeTyr- 
20 DLys(Azagly-2Fur)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-Shik-D2Nal-I>4aPhe-D3P^-Ser-NMeTyr-DLys(Azagly-Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2 ; 

N-Shik-D2Nal-I>4ClPhe-D3PEd^ 
Pro-DAlaNH2; 
25 N^2-Furoyl)-Azagly-D2Nal-D^ 
Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)Tetrahydrofur-2-oyl-GIy^ 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2; 
N-(S)-Tetrahydrofur-2^ 
30 DLys(Nicotinyl)-Leu-Lys(Isp)-PrcHSarNH2; 

N-(R)-Tetrahydrofur-2-oyl<Hy-^^ 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(Me- 
Atz)-DPhe(Me-Atz)-Leu-Lys(Isp)-Pro-SarNH2; 
35 N-(R,S)-Tetrahydrofur-2^yl-^^ 
DLys(Atz)-Leu-Lys(Isp)-Pro-SarNH2; 
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N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2NaI-D4ClPhe-D3Pal-Ser-Tyr- 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)- 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-DAlaNH2; 

5 N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2NaI-D4ClPhe-D3Pal-Ser-Tyr-DCit-Leu- 
Arg-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-GIy-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHcit- 
Leu-Arg-Pro-DAlaNH2; 

N-(RS) Tetrahydrofur-2-oy]-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHcit- 
10 Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Arg-D- 
4(pOMeBzol)Hala-Leu-Arg-Pix>-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
DHarg(Et2)-Leu-Harg(Et2)-Pro-DAlaNH2; 
15 N-(R,S)Tetrahydrofiu--2-oyl-Gly-D2Na]-IMCIPhe-D3Pal-Ser-NMePhe(Atz)- 
DPhe(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Phe(Atz)- 
DPhe(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2NaI-D4ClPhe-D3PaI-Ser-NMePhe(Me- 
20 Atz)-DPhe(Me-Atz)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-G]y-D2Nal-D4ClPhe-D3PaI-Ser-Lys(Atz)- 
DLys(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(S)-2-Tetrahydrofuroyl-Gly-2NaI-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsiIon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
25 N-(S)-2-Tetrahydrofuroyl-Gly-2Nal-D4ClPhe-D3PaI-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 ; 

N^S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-DSer-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 ; 

N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-3Pal-Ser-NMeTyr-DLys(N- 
30 epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-3DPal-Ser-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaOH ; 

N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-Lys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAIaNH2; 
. 35 N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
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N-(S)-2-Tetrahydrofuroyl-G]y-D2Nal-IMClPhe-3DP^l-Ser-NMeTyr^ 
DLys(N-epsi!on-Nicotinyl)-DIxu-Lys(N^psilon-Isopropyl)-Pro-DAlaNH2; 

N-(S)-2-Teti^ydrofuroyl-G)y-^ 
DLys(N^psiIon-NicoUnyl)-I^u-Lys(N-epsiIon-Isopropyl)-DPro-DAlaNH2 ; 
5 N-(S)-2-Tetrahydrofuroyl-Gly-D2N^^ 
DLys(N-epsilon-Nicotinyl)-^ 

N-(S)-2-Tetrahydrofuroyl-Gly-D2^ 
DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-I sopropyl)-Pro-DAlaNH2 ; 
NJR,S)-2-Tetrahyd^ 
10 epsilon-Nicotinyl)-I^u-Lys(N-epsilon-IsopiX)pyl)-Pro-DAIaNH2; 
N-(S)-2-Tetrahydrofuroyl-G^ 
Leu-Lys(N-epsilon-Isopropyl)-ProDAlaNH2 ; 

N-(S)-2-Tetrahydrofuroyl-Gly^ 
Lys(N-epsiIon-Isopropyl)-Pro-DAlaNH2 ; 
15 N-(S)-2-Tetrahydro^ 

Leu-Lys(N-epsilon-Isopropyl)-ProDAlaNH2 ; 

N-(S)-2-Tetn*hydrc>fuioyl-G^^^ 
Arg-Pro-DAlaNH2; 

N-(S)-2-Tetrahydrofuroyl-B^ 
20 DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 ; 

N-(S)-2-TetrahydrofuroyI-Gaba-D2N^ 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(S)-2-TetrahydrofuroyI-Aha-D2Nal-D4ClPhe-D3Pal-Ser-NM 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 ; 
25 N-(S)-2-Tetrahydrofuroyl-Sar^ 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2; 

N-(S)-2-Tetrahydrofuroyl-Gly-DAla-^ 
DLys(Nic)-Leu>Lys(Isp)-Pro-DAlaNH2; 

N-(S)-2-Tetrahydrofuroyl-Gly-Sar-IMClPhe-D3PaI-Ser-NMeTyr-DLys(Nic) 
30 Leu-Lys(Isp)-ProDAlaNH2; and 

N-(S)-2-Tetrahydrofuroyl-Aca-^^ 
Leu-Lys(Isp)-Pro-DAlaNH2. 



35 



LHRH Antagonist Activity 
Representative compounds of the present invention were evaluated in an in 
vitro test for LHRH antagonist potency (pA2). The test employed the method detailed 
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in F. Haviv, ex al J. Med, Chem. . 3 2: 2340-2344 (1989). The values of pA2 are the 
negative logarithms of the concentration of the particular antagonist test compound 
required to shift the response curve produced by the agonist leuprolide to two-fold 
higher concentration. (Leuprolide is the LHRH agonist having the structure 5-oxo- 
Pro 1 -His 2 -Tip 3 -Ser 4 -Tyr 5 -I>Leu 6 -Leu 7 -Arg8-Pro 9 -NHEt and is disclosed and 
claimed in United States Patent 4,005,063.) Typically pA2 values of 9.5 or greater 
are indicative of good LHRH antagonist potency, with values of 10.0 or greater being 
preferred. 

The results of these tests for representative compounds in accordance with this 
invention are presented in Table 1. 

Table 1 
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The compounds of the present invention to act as LHRH antagonists and are 
useful for suppressing levels of gonadotropins and androgens in mammals. 

In the practice of the method of this invention an amount of a compound of the 
5 invention or a pharmaceutical composition containing the antagonists, effective to 
suppress levels of sex hormones in a mammal, is administered to the host in need of 
such treatment These compounds or compositions may be administered by any of a 
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variety of routes depending upon the specific end use, including orally, parenterally 
(including subcutaneous, intramuscular and intraveneous administration), vaginally 
(particularly for contraception), rectally, buccally (including sublingually), 
transdermally or intranasally. The most suitable route in any given case will depend 
5 upon the use, particular active ingredient, the subject involved, and the judgment of 
the medical practitioner The compound or composition may also be administered by 
means of slow-release, depot or implant formulations as described more fully herein 
below. 

In general, to modulate levels of sex hormones in male or female mammals for 

10 the uses herein above described, it is expedient to administer the active ingredient in 
amounts between about 0.01 and 10 mg/kg body weight per day, preferably between 
about 0.1 and 5.0 mg/kg body weight per day. This administration may be 
accomplished by a single daily administration, by distribution over several 
applications or by slow release in order to achieve the most effective results. 

15 The exact dose and regimen for administration of these compounds and 

compositions will necessarily be dependent upon the needs of the individual subject 
being treated, the type of treatment, the degree of affliction or need and the judgment 
of the medical practitioner. In general, parenteral administration requires lower dosage 
than other methods of administration which are more dependent upon absorption. 

20 A further aspect of the present invention relates to pharmaceutical 

compositions containing as active ingredient a compound of the present invention 
which compositions comprise such compound in admixture with a pharmaceutical^ 
acceptable, non-toxic carrier. As mentioned above, such compositions may be 
prepared for use for parenteral (subcutaneous, intramuscular or intraveneous) 

25 administration, particularly in the form of liquid solutions or suspensions; for use in 
vaginal or rectal administration, particularly in semisolid forms such as creams and 
suppositories; for oral or buccal administration, particularly in the form of tablets or 
capsules, or intranasally, particularly in the form of powders, nasal drops or aerosols. 
The compositions may conveniently be administered in unit dosage form and 

30 may be prepared by any of the methods well-known in the pharmaceutical art, for 
example as described in Remington's Pharmaceutical Sciences, Mack Publishing 
Company, Easton, PA., 1970. Formulations for parenteral administration may 
contain as common excipients sterile water or saline, polyalkylene glycols such as 
polyethylene glycol, oils of vegetable origin, hydrogenated naphthalenes and the like. 

35 Formulations for inhalation administratiom may be solid and contain as excipients, for 
example, lactose, or may be aqueous or oily solutions for administration in the form 
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of nasal drops. For buccal administration typical excipients include sugars, calcium 
stearate, magnesium stearate, pregelatinated starch, and the like. 

It is particularly desirable to deliver the compounds of the present invention to 
the subject over prolonged periods of time, for example, for periods of one week to 
5 one year from a single administration. Various slow release, depot or implant dosage 
forms may be utilized. For example, a dosage form may contain a pharmaceutically 
acceptable non-toxic salt of a compound of the invention which has a low degree of 
solubility in body fluids, for example, (a) an acid addition salt with a polybasic acid 
such as phosphoric acid, sulfuric acid, citric acid, tartaric acid, tannic acid, pamoic 
1 0 acid, alginic acid, polyglutamic acid, naphthalene mono- or di-sulfonic acids, 

polygalacturonic acid, and the like; (b) a salt with a polyvalent metal cation such as 
zinc, calcium, bismuth, barium, magnesium, aluminum, copper, cobalt, nickel, 
cadmium and the like, or with an organic cation formed from e.g., N,N- 
dibenzylethylenediamine or ethylenediamine; or (c) combinations of (a) and (b) e.g. a 
15 zinc tannate salt. Additionally, the compounds of the present invention or, preferably, 
a relatively insoluble salt such as those just described, may be formulated in a gel, for 
example, an aluminum monostearate gel with, e.g. sesame oil, suitable for injection. 
Particularly preferred salts are zinc salts, zinc tannate salts, pamoate salts, and the 
like. Another type of slow release depot formulation for injection would contain the 
20 compound or salt dispersed or encapsulated in a slow degrading, non-toxic, non- 
anti genie polymer such as a polylactic acid/polyglycolic acid polymer for example as 
described in U.S. Patent No. 3,773,919. The compounds of the invention or, 
preferably, relatively insoluble salts such as those described above may also be 
formulated in cholesterol matrix pellets, particularly for use in animals. Additional 
25 slow release, depot or implant formulations, e.g. liposomes, are well known in the 
literature. See, for example, Sustained and Controlled Release Druq Delivery 
Systems, J.R. Robinson ed., Marcel Dekker, Inc., New York, 1978. Particular 
reference with respect to LHRH type compounds may be found, for example, in U.S. 
Patent No. 4,010,125. 

30 

Synthesis of the Compounds of the Invention 
In general, the compounds of the present invention are synthesized by 
techniques known to those skilled in the art as, for example, by so-called "solid 
phase" peptide synthesis or by usual methods of solution phase chemistry. A 
35 summary of available solid phase peptide synthetic techniques may be found in J.M. 
Stewart and J.D. Young, Solid Phase Peptide Synthesis, W.H. Freeman Co., San 
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Francisco, 1963 and J. Meienhofer, Hormonal Proteins and Peptides, Vol. 2., p.46, 
Academic Press (New York), 1973. For classical solution synthesis see G. Schroder 
and K. Lupke, The Peptides, vol. 1, Academic Pres (New York), 1965. 

In general, these methods comprise the sequential addition of one or more 
5 amino acids or suitably protected amino acids to a growing peptide chain bound to a 
suitable resin. The starting amino acids are commercially available or, where novel in 
the compounds of this invention, are synthesized by methods detailed below from 
readily available starting materials. 

Normally, either the amino or carboxyl group of the first amino acid is 
10 protected by a suitable protecting group. The protected or derivatized amino acid can 
then be either attached to an inert solid support (resin) or utilized in solution by adding 
the next amino acid in the sequence having the complimentary (amino or carboxyl) 
group suitably protected, under conditions conducive for forming the amide linkage. 
The protecting group is then removed from this newly added amino acid residue and 
1 5 the next amino acid (suitably protected) is added, and so forth. After all the desired 
amino acids have been linked in the proper sequence, any remaining protecting groups 
are removed sequentially or concurrently, and the peptide chain, if synthesized by the 
solid phase method, is cleaved from the solid support to afford the final polypeptide. 
By simple modification of this general procedure, it is possible to add more than one 
20 amino acid at a time to a growing chain, for example, by coupling (under conditions 
which do not racemize chiral centers) a protected tripeptide with a properly protected 
dipeptide to form, after deprotection, a pentapeptide. 

A particularly preferred method of preparing peptides involves solid phase 
peptide synthesis. In this method of preparing peptides, the alpha-amino function of 
25 the amino acids is protected by an acid or base sensitive group. Such protecting 

groups should have the properties of being stable to the conditions of peptide linkage 
formation, while being readily removable without destruction of the growing peptide 
chain or racemization of any of the chiral centers contained therein. Suitable protecting 
groups are t-butyloxycarbonyl (BOC), benzyloxycarbonyl (Cbz), 
30 biphenylisopropyloxycarbonyl, t-amyloxycarbonyl, isoboniyloxycarbonyl, 

(alpha,alpha)-dimethyl-3^dimethoxybenzyloxycarbonyl,o-nitrophenylsulfenyl,2- 
cyano-t-butyloxycarbonyl, 9-fluorenylmethyloxycarbonyl and the like. The t- 
butyloxycarbonyl ("BOC or "t-BOC") protecting group is preferred. 

Particularly preferred side chain protecting groups are, for side-chain amino 
35 groups as in lysine and arginine: nitro, p-toluene-sulfonyl, 4-methoxybenzene- 
sulfonyl, Cbz, BOC and adamantyloxycarbonyl; for tyrosine: benzyl, o-bromo- 
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benzyloxycarbonyl, 2,6-dichlorobenzyl, isopropyl, cyclohexyl, cyclopentyl and 
acetyl; for serine: benzyl and tetrahydropyranyl; for histidine: benzyl, Cbz, p- 
toluenesulfonyl and 2,4-dinitrophenyI; for tryptophan: formyl. 

In the solid phase peptide synthesis method, the C-terminal amino acid is 
5 attached to a suitable solid support. Suitable solid supports useful for the above 

synthesis are those materials which are inert to the reagents and reaction conditions of 
the stepwise condensation-deprotection reactions, as well as being insoluble in the 
solvent media used. Suitable solid supports are chloromethylpolystyrene- 
divinylbenzene polymer, hydroxymethyl-polystyrene-divinylbenzene polymer, and 
1 o the like. Chloromethyl-polystyrene- 1 % di vinylbenzene polymer is especially 

preferred. For the special case where the C-terminus of the compound is glycinamide, 
a particularly useful support is the benzhydrylamino-polystyrene-divinylbenzene 
polymer described by P. Rivaille, et al, Helv. Chim. Acta „ 54, 2772 ( 1971). The 
coupling to the chloromethyl polystyrene-divinylbenzene type of resin is made by 
1 5 means of the reaction of the alpha-N-prc>tected amino acid, especially the BOC-amino 
acid, as its cesium, tetramethylammonium, triethylammonium, 1,5-diazabicyclo- 
[5.4.0]undec-5-ene, or similar salt The coupling reaction is accomplished in a solvent 
such as ethanol, acetonitrile, N,N-dimethylformamide (DMF), and the like, with the 
chloromethyl resin at an elevated temperature, for example between about 40° and 
20 60°C, for from about 12 to 48 hours. Preferred reagents and reaction conditions 
involve the coupling of an alpha-N-BOC amino acid cesium salt with the resin in 
DMF at about 50°C for about 24 hours. The alpha-N-BOC-amino acid is attached to 
the benzhydrylamine resin by means of N^'-dicycIohexylcarbodiimide (DCC) or 
N,N , -diisopropylcarbodiimide (DIC) with or without 1-hydroxybenzotriazole (HOBt), 
25 ben2»triazol-I-yloxy4ris(dimethylamino)phosphonium-hexafluorophosphate (BOP) or 
bis(2-oxo-3-oxazolidinyl)phosphine chloride (BOPC1), mediated coupling for from 
about 1 to about 24 hours, preferably about 12 hours at a temperature of between 
about 10° and 50°C, most preferably 25°C in a solvent such as dichloromethane or 
DMF, preferably dichloromethane. The coupling of the carboxyl group to the N- 
30 methyl-Ser(OBzl) attached to the peptide resin requires catalysis by 4- 
dimethylaminopyridine (DMAP), in addition to the carbodiimide reagent. 

The coupling of successive protected amino acids can be carried out in an 
automatic polypeptide synthesizer as is well known in the art. The removal of the 
alpha-N-protecting groups may be performed in the presence of, for example, a 
35 solution of trifluoroacetic acid in methylene chloride, hydrogen chloride in dioxane, 
hydrogen chloride in acetic acid, or other strong acid solution, preferably 50% 



WO 95/04541 



PCT/US94/08678 



27 

mfluoroacetic acid in dichloromethane at about ambient temperature. Each protected 
amino acid is preferably introduced in 0.4M concentration and approximately 3.5 
molar excess and the coupling may be carried out in dichloromethane, 
dichloromethane/DMF mixtures, DMF and the like, especially in methylene chloride at 
5 about ambient temperature. The coupling agent is normally DCC in dichloromethane 
but may be N^-di-isopropylcarbodiimide (DIC) or other carbodiimide either alone 
or in the presence of HOBt, N-hydroxysuccinimide, other N-hydroxyimides or 
oximes. Alternately, protected amino acid active ester (e.g. p-nitrophenyl, 
pentafluorophenyl and the like) or symmetrical anhydrides may be used. 
10 The side-chain modifications of the peptides of the present invention are 

carried out by methods detailed below in Preparations A-B. 

Preparation A 

N-a>Butoxvcarbonvl)-N-Methvl-(4-FMOC-aminomethvnPhenvlalanin e 

1 5 A mixture of N-trifluoroacetyl-N-methyl-phenylalanine ( 1 equivalent) and zinc 

chloride (0.9 to 2.2 equivalents) in chloromethylether is heated at 65 °C for 10-24 hr. 
The excess reagent is removed in vacuo and the residue is dissoved in CH2Cb, 
washed with saturated NaHCQ3 solution, then with saturated sodium chloride 
solution. The organic phase is dried (Na2S04) and concentrated. The crude product 

20 is purified by column chromatography to yield the 4-(chloromethyl)phenylalanine 
methyl ester. This is treated with aqueous hydrochloric acid to cleave the methyl 
ester. The N-methyl-(4-chloromethyl)phenylalanine hydrochloride is treated with di- 
t-butylcarbonate (1.2 equivalents) in the presence of triethylamine (1 equivalent) in 
THF at 0 °C for 1 hr. After work-up and purification BOC-N-methyI-(4- 

25 chIoromethyl)phenylalanine is obtained. 

BOC-N-Me-(4-chloromethyl)phenylalanine is heated under reflux for 4 to 24 hr 
with excess of sodium azide and catalytic amount of sodium iodide in methanol. The 
residue is treated with dilute hydrochloric acid to pH 6 and extracted with ethyl 
acetate. The organic extracts are dried and concentrated to yield BOC-N-methyl -(4- 

30 azidomethyl)phenylalanine. This is hydrogenated over Pd/C catalyst in methanol to 
afford BOC-N-methyl-(4-aminomethyl)phenylaIanine. The last compound is treated 
with 9-fluorenylmethyl chlorocarbonate under basic conditions as described in page 
24 of " The Practice of Peptide Synthesis" by M. Bodanszky and A. Bodanszky. 
After work-up and purification N-(t-butoxycarbonyl)-N-methyl-(4-FM(X:- 

35 aminomethyl)phenylaIanine is obtained (see Scheme 1). 
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Preparation B 

N-(t-ButoxvcarbonvlVD~(4^FMOC-aminomethvnPhenvlaianin e 

BOC-D-(4-chloromethyl)phenylalanine is synthesized according to Preparation A 
. described above. The product is first treated with sodium azide in methanol, using 
5 analogous conditions to those previously described, and then hydrogenated to yield 
N-BOC«D-(4-aminomethyl)phenylalanine which is substituted with FMOC, as 
previously described, to afford N-(t-Butoxycarbonyl)-D-(4-FMOC- 
aminomethyl)Phenylalanine. 

The Atz or 3-amino-l,2,4-tiiazoI-5-yl group can be attached to the 4-amino 
10 group of 3-(4-aminophenyl)alanine or the terminal amino group the omega-ami noalkyl 
side chain of any alpha,omega-diaminocarboxylic acid amino acid by the method 
detailed below in Scheme 2 which illustrates the process for N a -methyl-3-(4- 
aminophenyl)alanine. 

As shown in Scheme 2 below, upon the completion of the synthesis of a peptide- 
1 5 resin containing an N a -methyl-3-(4-aminophenyl)alanine residue, the peptide resin is 
treated with 30% piperidine/DMF for 2 to 24 hr, to cleave the FMOC group from the 
N-4-amino position of the N-Me-Phe residue. The peptide-resin is washed, 3 times 
with methylene chloride, 3 times with DMF, and reacted with 10- to 20-fold excess of 
diphenylcyanocarboimidate in DMF overnight (see Scheme 2 below), washed, 3 
20 times with methylene chloride, 3 times with DMF, and then reacted with 20- to 100- 
fold excess of hydrazine in DMF overnight. The peptide-resin is washed, as 
previously described, dried over P2Q5 overnight, and treated with HF/anisole as 
above. 
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The process of Scheme 2 above is similarly used for the attachment of the Atz 
group to, for example, the epsilon-amino group in the side chain of lysine or similar 
aminoacyl residue having an omega-aminoalkyl side chain group. 
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Example 1 



10 



15 



20 



25 



30 



N-Ac-DTw-D2Nal-IMClPhe-D3Pal-Ser>NMeTvr>DLvs(Nicx)tinvn-I^u-Lvs (N- 
epsilon-IsopropvO-Pro-DAlaN H o (Compound 1 ) 

In the reaction vessel of a Milligen-Biosearch 9500 peptide synthesizer was placed 
1 g (0.6 mmol) of -D-Ala-NH-resin (4-methyl-benzhydrylamine resin). Amino acids 
were added sequentially according to the following synthetic cycle: 

1 . Peblocking, to remove the t-BOC group from the alpha-amino function of the 
peptide, is carried out using a solution of 45% trifluoroacetic acid (TFA), 2.5% 
anisole, 2.0% dimethyl phosphite, and 50.5% methylene chloride. The resin is 
prewashed with the deblocking solution for one minute and then the deblocking 
reaction is run for 20 minutes. 

2. Base was h, to remove and neutralize the TFA used for deprotection, is carried out 
using a solution of 10% N.N'-diisopropylethylamine in methylene chloride. The 
resin is washed with base three times for one minute each time after a deblocking step. 

3 . Coupling reaction is carried out using a 3-fold molar excess of 0.3 M DMF 
solution of a t-BOC protected amino acid derivative along with a 3-fold molar excess 
of 0.3 M methylene chloride solution of diisopropylcarbodiimide as activator. The 
activated amino acid is then coupled to the free alpha amino group of the peptide- 
resin. The reaction time is as described in the synthesis protocol. 

4. Wash , each reaction step is followed by three washes of one minute each: one of 
methylene chloride, one of ( 1: 1) methylene chloride/DMF, and one of DMF. 

Synthesis Protoco l: 

The amino protected amino acids are coupled to the resin according the following 
order, number, and duration of couplings: 

# Amino Acid Coupling 

1. BOC-Pro two-lh 

2. BOC-Lys(N-epsilon-Cbz,Isopropyl) two-lh 

3. BOC-Leu two-lh 



4. 



BOC-D-Lys(N-epsilon-Nicotinyl) 
BOC-NMe-Tyr(0-2,6-diCl-Bzl) 



two-lh 
two-lh 



5. 
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BOC-Ser(OBzl) two-lh 
BOC-D-3Pal two-6h 
BOC-D-4ClPhe two-2h 
BOC-D2Nal two-2h 
BOC-DTyr(0-2,6-diCl-Bzl) two-2h 
acetic acid two-2h 

Upon completion of the synthesis the resin is dried overnight over P2Q5 under 
vacuum and then treated with dry HFin the presence of anisole at 0°C for lh to 

10 cleave the peptide from the resin. The excess of reagent is removed in vacuo. The 
resin is washed first with ether, then stirred at room temperature with a solution of 
(1:1:0. 1) water/acetonitrile/acetic acid (50 ml) for 15 minutes, and filtered. The filtrate 
is lyophilized to give the crude peptide as a fluffy powder. This is purified by HPLC 
using a (25 x 2.5 cm) Dynamax C-18 column (8 micron) with solvent mixtures 

15 varying in a gradient ranging from 89% H2O/1 1% CH3CN/0. 1% TFA over a period 
of 20 minutes. The UV detector is set at 260 nm. The product is eluted at 37.80 min 
as a single peak, collected and lyophilized to give pure NAc-DTyr-D2Nal-E>4ClP l he- 

D3Pal-Ser-NMeTyr-DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro- 
DAlaNH2 (1 ) as the trifluoroacetate salt. FAB Mass spec, m/e 1697 (M+H)+. 

20 Amino Acid Anal: 1.01 Ala; 0.99 Pro; 0.99 Lys; 1.01 Leu; 0.99 NMeTyr; 0.49Ser; 
0.94 Tyr. 



6. 
7. 
8. 
9. 

5 10. 
11. 



Example 2 

The following compounds were prepared by the procedure described in 
25 Example 1 was used but substituting BOC-Gly for BOC-DTyr(0-2,6-diCl-Bzl) and 
the appropriate carboxylic acids instead of acetic acid. After work-up, lyophilization, 
and HPLC purification the following compounds were obtained: 



Example 2a N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 26); R t 
= 23.17 min; FAB Mass spec, m/e 1705 (M+H)+. Amino Acid Analysis : 1.00 Ala; 
1.01 Pro; 1.04 Lys(Isp); 1.00 Leu; 0.99 Lys; 0.78 NMeTyr; 0.54 Ser; 0.99 3Pal; 
1.06 4CIPhe; 0.99 Gly. 
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Example 2b N-Dihydroshikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 

DLys(N-epsilon-NicotinyI)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 
(Compound 27); Rt = 17.45 min; FAB Mass spec, m/e 1707 (M+H)+. Amino Acid 

Analysis : 1.Q3 Ala; 0.88 Pro; 0.96 Lys(Isp); 0.93 Leu; 0.98 Lys; 0.40 NMeTyr; 
5 0.56 Ser; 0.80 3Pal ; 0.97 4ClPhe; 1 .22 Gly. 

Example 2c N-2-Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 28); Rt 
= 28.57 min; FAB Mass spec, m/e 1643 (M+H)+. Amino Acid Analysis : 1.05 Ala; 
10 0.97 Pro; 0.95 Lys(Isp); 0.97 Leu; 1.00 Lys; 0.56 NMeTyr; 0.44 Ser; 0.74 3Pal; 
0.91 4ClPhe; 1.02 Gly. 

Example 2d N-3Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 29); Rt 
15 = 28.82 min; FAB Mass spec, m/e 1643 (M+H)+. Amino Acid Analysis : 1.06 Ala; 

1.00 Pro; 0.90 Lys(Isp); 1.00 Leu; 0.97 Lys; 0.60 NMeTyr; 0.46 Ser; 0.72 3Pal; 
0.72 4ClPhe; 0.95 Gly. 

Example 2e N-Picolyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
20 Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 30) ; Rt = 29.25 
min; FAB Mass spec, m/e 1654 (M+H)+ Amino Acid Analysis : 1.00 Ala; 1.04 Pro; 

1.01 Lys(Isp); 1.01 Leu; 0.96 Lys; 1.03 NMeTyr; 0.50 Ser; 1.01 3Pal; 1.07 4ClPhe; 
0.98 Gly. 

25 Example 2f N-Nicotinyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(N- 

epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 31); R t 
= 26.65 min; FAB Mass spec, m/e 1654 (M+H) + . Amino Acid Analysis : 1.03 Ala; 

1.01 Pro; 0.88 Lys(Isp); 1.01 Leu; 0.96 Lys; 0.99 NMeTyr; 0.45 Ser; 1.08 3Pal; 
1.16 4ClPhe; 1.00 Gly. 

30 

Example 2g N-Isonicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 32); Rt 
= 22.77 min; FAB Mass spec, m/e 1654 (M+H)+ Amino Acid Analysis : 1.00 Ala; 

1.02 Pro; 0.97 Lys(Isp); 1.03 Leu; 0.97 Lys; 1.02 NMeTyr; 0.43 Ser; 1.01 3Pal; 
35 1.04 4ClPhe; 0.97 Gly. 
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Example 2h N-Salicyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 33); R t = 31.25 
min; FAB Mass spec, m/e 1669 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.02 Pro; 
0.99 Lys(Isp); 1.02 Leu; 0.98 Lys; 1.10 NMeTyr; 0.47 Ser; 0.98 3Pal; 1.02 4ClPhe; 
s 0.98 Gly. 

Example 3 

N-(R.S)-Tetrahvdrofur-2-ovl-ni v-D2Nal-D4CiPhe-D3Pal-Ser-NMeTvr- 
PLvs(NicoUnvl)-Leu-LvsfN-ePsilon-Isop TO pvn-Pro-DAlaNH2 (Compound 23V The 
title compound was prepared by the procedure described in Example 1 was used but 
1 o substituting BOC-Gly for BOC-DTyr(0-2,6-diCl-Bzl) and (R,S) tetrahydro-2-f uroyl 
for acetic acid. After work-up, lyophilization, and HPLC purification N[(R,S) 

Tetrahydrofur-2K)yl]-D2Nal-I>4aPhe-D3Pal-Ser-NMeTyr-DLys(Nicounyl)-Leu- 
Lys(N-epsiIon-Isopropyl)-Pro-DAlaNH2 (23) was obtained as trifluoroacetate salt; 
Rt = 26.95min; FAB Mass spec, m/e 1647 (M+H)+. Amino Acid Analysis : 1.00 
15 Ala; 1.04 Pro; 0.94 Lys(Isp); 1.02 Leu; 0.96 Lys; 1.10 NMeTyr; 0.49 Ser; 1.00 
3Pal ; 1 .07 4ClPhe; 0.98 Gly. 

Example 4 

N-rS>-Tetrahvdmfur-2-ovl-rf1v -D2Nal-TMTiPhe-D3Pal-.Ser-NMeTvr- 
20 DLYs(Nicotinvl)-l^ U -Lvs(N-en.silon-I S ODronvn-PrcvnAl a N H ? rComDn U nd?4^ 
The title compound was prepared by the procedure described in Example 3 
substituting (S)-tetrahydn>2-furoic acid for (R,S)-tetrahydro-2-furoic acid. After 
work-up, lyophilization, and HPLC purification N[(S) Tetrahydro-fur-2-oyl]-D2Nal- 

I>4ClPhe-D3Pal-Ser-r^eTyr-DLys(NicoUnyl)-Uu-Lys(N-epsilon-lsopropyl)-Pro- 
25 DAlaNH2 (24) was obtained as trifluoroacetate salt; R t = 27.08 min; FAB Mass spec, 
m/e 1647 (M+H)+ Amino Acid Analysis : 1.00 Ala; 0.99 Pro; 0.93 Lys(Isp); 0.99 
Leu; 1.03 Lys; 0.90 NMeTyr; 0.55 Ser; 0.98 3Pal; 1.00 4ClPhe; 1.00 Gly. 

Example 5 

30 N-fR^Tetrah vdrofur-2-ovl-Glv-D2Nal-D4CIPhe-D3Pal-Ser-NMe Tvr- 

PLvs(NicotinvlVI^u-LvsrN-ep silon-lsoprnpvn-Pro-DA laNH ofCompound?^ 

The title compound was prepared by the procedure described in Example 3 
substituting (R)-tetrahydro-2-furoic acid for (R,S)-tetrahydro-2-furoic acid. After 
work-up, lyophilization, and HPLC purification N[(R) Tetrahydro-fur-2-oyl]-D2Nal- 
. 35 IMClPhe-D3Pal-Ser-hJMeTyr-DLys(Nicounyl)-l^u-Lys(N-epsilon-Isopropyl)-Pro- 
DAlaNH2 (25) was obtained as trifluoroacetate salt; R t = 1832 min; FAB Mass spec. 
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m/e 1647 (M+H)+. Amino Acid Analysis : 0.96 Ala; 0.98 Pro; 1.01 Lys(Isp); 0.99 
Leu; 1.07 Lys; 0.93 NMeTyr; 0.67 Ser; 1.16 3Pal; 1.1 1 4ClPhe; 1.13 Oly. 

Example 6 

5 The following compounds were prepared by the procedure described in 

Example 1 was used but substituting the appropriate BOC-amino acids for BOC- 
DTyr(0-2,6-diCl-Bzl) and the appropriate carboxylic acids instead of acetic acid. 
After work-up, lyophilization, and HPLC purification the following compounds were 
obtained: 

10 

Example 6a N-Nicotinyl-3Aminopropionyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(N-epsilon-Nicounyl)-L^u-Lys(N-epsiIon-Isopropyl)-Pro-DAlaNH2 
(Compound 35); Rt= 2232 min; FAB Mass spec, m/e 1668 (M+H) + . Amino Acid 
Analysis : 0.99 Ala; 1.02 Pro; 0.92 Lys(Isp); 1.02 Leu; 0.95 Lys; 1.04 NMeTyr; 
15 0.40 Ser; 1.00 3Pal; 1.05 4ClPhe. 

Example 6b N-Shikimyl-3Aminopropionyl-D2Nal-E)4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(N-epsilon-Nicounyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 
(Compound 36); R t = 22.25 min; FAB Mass spec, m/e 1719 (M+H)+. Amino Acid 
20 Analysis : 1 .00 Ala; 1.00 Pro; 1.02 Lys(lsp); 1.00 Leu; 1.00 Lys; 0.71 NMeTyr; 
0.50 Ser; 1.00 3Pal; 1.00 4ClPhe. 

Example 6c N-Nicounyl-4Aminobutyryl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 
25 (Compound 38); R t = 22.75 min; FAB Mass spec, m/e 1682 (M+H)+. Amino Acid 
Analysis : 1.02 Ala; 1.00 Pro; 0.89 Lys(Isp); 1.03 Leu; 0.96 Lys; 0.89 NMeTyr; 
0.44 Ser; 0.70 3Pal; 0.75 4ClPhe; 0.97 4-aminobutyric acid. 

Example 6d N-Shikimyl-4-Aminobutyryl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
30 DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 

(Compound 39); Rt = 22.50 min; FAB Mass spec, m/e 1733 (M+H)+ Amino Acid 
Analysis : 0.99 Ala; 0.99 Pro; 0.89 Lys(Isp); 1.05 Leu; 0.97 Lys; 0.83 NMeTyr; 
0.44 Ser; 0.71 3Pal ; 0.76 D4ClPhe; 0.95 4-aminobutyric acid. 



WO 95/04541 



PCT/US94/08678 



Example 6e N-Nicotinyl-5Aminovaleryl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 
(Compound 41); R t = 14.02 min; FAB Mass spec, m/e 1695 (M+H)+. Amino Acid 
Analysis : 1.03 Ala; 1.00 Pro; 0.93 Lys(Isp); 1.00 Leu; 0.96 Lys; 0.94 NMeTyr; 
5 0.43 Ser; 0.99 3Pal; 1.06 4CiPhe; 0.76 5-aminovaleric acid. 

Example 6f N-Slukimyl-5Aniinovaleryl-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr- 
DLys(N^psilon-Nic»tinyl)-L^u-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 
(Compound 42); R t = 13.82 min; FAB Mass spec, m/e 1747 (M+H)+. Amino Acid 
10 Analysis : 1.03 Ala; 1.01 Pro; 0.93 Lys(Isp); 1.00 Leu; 0.96 Lys; 1.01 NMeTyr; 
0.45 Ser; 1.01 3Pal; 1.07 4ClPhe; 0.80 5-aminovaleric acid. 

Example 7 

N-Shikimvl-DSer- D2Nal-D4ClPhe-D3Pal-Ser-NMeTvr-DLvsfN-epsilnn-Nicotinvn- 
15 Uu-Lvs(N-eDsilon-lsoDropvlVPro-DAlalsJ H2 (Compound 47> 

The title compound was prepared by the procedure described in Example 1 
was used but substituting BOC-D-Ser(OBzl) for BOC-DTyr(0-2,6-diCl-Bzl) and 
shikimic acid for acetic acid. After workup, lyophilization, and HPLC purification 
there was obtained: 

20 N-Shikimyl-DSer-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 

Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (47); R t = 13.73 min; FAB 
Mass spec, m/e 1735 (M+H)+. Amino Acid Analysis : 1.03 Ala; 0.99 Pro; 0.97 
Lys(Isp); 0.98 Leu; 0.99 Lys; 0.82 NMeTyr; 0.97 Ser; 1.01 3Pal; 1.05 4ClPhe. 

25 Example 8 

N-Nicotinvl-Glv-n 2Nal-D4ClPhe-D3Pal-Ser-NMeTvr-DI.vsfGlv-Nicotinvn-Leu- 
Lvs(N-epsilon-IsoproDvn-Pro-nAlaNTH2/rn m pni"iH 49) 

The tide compound was prepared by the procedure described in Example 2 for the 
synthesis of NicGly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 

30 Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was used but substituting 
BOC-DLys(N-epsilon-FMOC) instead of BOC-DLys(N-epsilon-Nicotinyl). Upon 
the completion of the synthesis the peptide resin was treated with 20% 
piperidine/DMF overnight, washed three times with methylene chloride/DMF and then 
coupled first with BOC-Gly and second with nicotinic acid using two-two hr coupling 

35 protocol described in Example 1. The peptide resin was dried and treated with 
HF/anisole as previously described. After workup, lyophilization and HPLC 
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purification N-Nicotinyl-Gly-D2Nal-I>K:iPhe-D3Pal-Ser-NMeTyr-DLys(Gly- 
Nicotinyl)-L^u-Lys(N-epsilon-Isopropyl)-FYo-DAlaNH2 (49) was obtained; R t = 
13.88 min; FAB Mass spec, m/e 171 1 (M+H)+ Amino Acid Analysis : 1.01 Ala; 
0.98 Pro; 0.92 Lys(lsp); 0.98 Leu; 0.97 Lys; 0.65 NMeTyr; 0.45 Ser; 0.92 3Pal; 
5 0.98 4ClPhe; 2.06 Gly. 

Example 9 

N-Nirotinvl-Glv-D2Nal-D4a^^ 

Lvs(N-epsil on-Isopropvn-Pro-DAlaNH 2 (Compound 50) 

The title compound was prepared by the procedure described in Example 2 for the 

1 0 synthesis of NicGly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 

Nicx)tinyl)-I^u-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was used but substituting 
BOC-DLys(N-epsilon-FMOC) instead of BOC-DLys(N-epsilon-Nicotinyl). Upon 
the completion of the synthesis the peptide resin was treated with 20% 
piperidine/DMF overnight, washed three times with methylene chloride/DMF and then 

15 treated with a large excess of carbonyldiimidazole in DMF for 30 minutes. The 
peptide resin was washed three times with a 1: 1 mixture of DMF/DCM and then 
reacted with a large excess of nicotinyl hydrazide in DMF overnight The peptide 
resin was dried and treated with HF/anisole as previously described. After workup, 
lyophilization and HPLC purification N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 

20 NMeTyr-DLys(Azagly-Nicoti (5 o) 

was obtained; R t = 14.05 min; FAB Mass spec, m/e 1712 (M+H)+. Amino Acid 
Analysis : 1.00 Ala; 1.03 Pro; 0.92 Lys(Isp); 1.00 Leu; 0.96 Lys; 1.00 NMeTyr; 
0.45 Ser; 0.99 3ftd; 1.03 4ClPhe; 1.01 Gly. 

25 Example 10 

N-Nicotinvl-G1v-D 2Nal-D4ClPhe-D^ 
LysfN-epsilon-IsopropvlVPro-DAlaNH ofCompnunH 51) 

The title compound was prepared by the procedure described in Example 9 was 
used but substituting 2-furoyI hydrazide instead of nicotinyl hydrazide. After 
30 workup, lyophilization and HPLC purification N-Nicotinyl-Gly-D2Nal-IMClPhe 
D3Pal-Ser-NMeTyr-DLys(Aza^^ 

DAlaNH2 (5 1) was obtained; R t = 16.35 min; FAB Mass spec, m/e 1700 (M+H)+. 
Amino Acid Analysis : 1.01 Ala; 1.00 Pro; 0.95Lys(lsp); 1.00 Leu; 0.95 Lys; 0.87 
NMeTyr; 0.48 Ser; 0.97 3Pal; 1.02 4ClPhe; 1.03 Gly. 



35 
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Example 11 

N-fR.SYretrahvdrofur-2^^ 
DLvsfAzaglv-NicotinvlVI^^ 

52) 

5 The title compound was prepared by the procedures described in Examples 3 and 

9 but substituting the approriate amino acids and N-terminal acids. After workup, 
lyophilization and HPLC purification N-(R,S)tetrahydrofur-2-oyl-Gly-D2Nal- 
D4aPhe-D3M-Ser-NMeTyr-DLys^ 

Isopropyl)-Pro-DAlaNH2 (52) was obtained; Rt = 23.23 min; FAB Mass spec, m/e 
10 1706 (M+H)+. Amino Acid Analysis : 1.00 Ala; 0.98 Pro; 1.02 Lys(Isp); 0.98 Leu; 
1.05 Lys; 0.97 NMeTyr; 0.53 Ser; 0.95 3Pal; 1.01 4ClPhe; 1.01 Gly. 

Example 12 

N-(R.SVTetrahvdrofur-2-ovl^ 
1 5 Nicotinvn-Leu-LvsfN-epsilon-Isopropvn-Pro-DAla NH^ (Compound 53) 

The title compound was prepared by the procedure described in Example 3 

was used but coupling with (R,S) tetrahydro2-furoic acid after BOC-D2Nal. After 

workup, lyophilization and HPLC purification N-(R,S)tetrahydrofur-2-oyl-D2Nal- 

D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly-^ 
20 Pro-DAlaNH2 (5 3) was obtained; Rt = 26.70 and 26.77 min; FAB Mass spec, m/e 

1704 (M+H)+ Amino Acid Analysis : 1.04 Ala; 0.97 Pro; 0.93 Lys(Isp); 0.99 Leu; 

0.95Lys;0.86 NMeTyr; 0.50 Ser; 1.053Pal; 1.11 4ClPhe; 2.02 Gly. 

Example 13 

25 The following compounds were prepared by the procedure described in 

Example 1 was used but substituting BOC-Gly for BOC-DTyr(0-2,6diCl-Bzl), BOC- 
DCit for BOC-DLys(N-epsilon-FMOC), BOC-Arg(Tos) for BOC-Lys(N-epsilon- 
CBZ,isopropyl) and the appropriate BOC-amino acids and acids for acetic acid. After 
workup, lyophilization and HPLC purification the following compounds were 

30 obtained: 

Example 13a N-(R,S)-Tetrahydro-Fur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DCit-Leu-Arg-Pro-DAlaNH2 (Compound 80) was obtained as the 
trifluoroacetate salt; Rt = 36. 10 min; FAB Mass spec, m/e 1557 (M+H) + . Amino 
35 Acid Analysis : 1.01 Ala; 0.99 Pro; 0.99 Arg; 1.02 Leu; 1.03 Cit; 0.49 Ser; 1.05 
3Pal; 1.06 4ClPhe; 0.98 Gly. 
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Example 13b N-Shikimyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeT>T-DCit-Leu-Arg- 
Pro-DAlaNH2 (Compound 81) was obtained as the trifluoroacetate salt; Rt = 32.35 
min; FAB Mass spec, m/e 1615 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.03 Pro; 
5 0.96 Arg; 1 .04 Leu; 0.98 Cit; 0.47 Ser; 0.69 3Pal; 0.97 4ClPhe; 0.95 Gly. 

Example 13c N-Nic»Unyl-Gly-D2Nal-I>^lPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg- 
Pro-DAlaNH2 (Compound 82) was obtained as the trifluoroacetate salt; Rt = 32.20 
min; FAB Mass spec, m/e 1565 (M+H)+. Amino Acid Analysis : 1.00 Ala; 1.01 Pro; 
10 1.00 Arg; 1.03 Leu; 1.02 Cit; 0.86 NMeTyr; 0.44 Ser; 1.03 3Pal; 1.01 4ClPhe;0.95 
Gly. 

Example 13d N-Sucdnyl-Gly-D2Nal-I>4ClPhe-D3P^-Ser-NMeTyr-DCit-Leu-Arg- 
Pro-DAlaNH2 (Compound 83) was obtained as the trifluoroacetate salt; Rt = 38.05 
15 min; FAB Mass spec, m/e 1559 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1 .00 Pro; 
0.96 Arg; 0.99 Leu; 1.00 Cit; 1.04 NMeTyr; 0.53 Ser; 0.97 3Pal; 1.04 4ClPhe; 1.05 
Gly. 

Example 13e N-SWkimyl-DAla-D2Nal-D4ClPhe-D3Pal-Ser-NMeT\T-DCit-Leu- 
20 Arg-Pro-DAlaNH2 (Compound 848 4) was obtained as the trifluoroacetate salt; Rt = 
31 .25 min; FAB Mass spec, m/e 1629 (M+H)+. Amino Acid Analysis : 1.99 Ala; 

1.03 Pro; 0.94 Arg; 1.03 Leu; 1.04 Cit; 1.05 NMeTyr; 0.51 Ser; 0.70 3Pal; 0.88 
4ClPhe. 

25 Example 13f N-Smldmyl-DSer-D2Nal-I>4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu- 
Arg-Pro-DAIaNH2 (Compound 85) was obtained as the trifluoroacetate salt; Rt = 
31.25 min; FAB Mass spec, m/e 1646 (M+H)+. Amino Acid Analysis : 1.00 Ala; 

1.04 Pro; 0.97 Arg; 1.00 Leu; 0.98 Cit; 0.90 NMeTyr; 1.02 Ser; 0.99 3Pal; 1.02 
4ClPhe. 

30 Example 14 

The following compounds were prepared by the procedure described in 
Example 1 was used but substituting BOC-Gly for BOC-D-Tyr(0-2,6-diCl-Bzl), 
BOC-Cit for BOC-DLys(N-epsilon-FMOC), BOC-Arg(Tos) for BOC-Lys(N- 
epsilon-Cbz,isopropyl), and the appropriate acids. After workup, lyophilization and 
35 HPLC purification the following compounds were obtained: 
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Example 14a N-Nicotinyl-Sar-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compoound 86) was obtained as the trifluoroacetate salt; Rt 
= 3135 min; FAB Mass spec, m/e 1705 (M+H) + . Amino Acid Analysis : 1.00 Ala; 
1.02 Pro; 1.01 Arg; 1.04 Leu; 0.93 Lys; 1.19 NMeTyr; 0.48 Ser; 1.14 3Pal; 1.23 
5 4ClPhe; 0.97 Sar. 

Example 14b N-Shildmyl-Sar-mNal-I>tClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compound 87) was obtained as the trifluoroacetate salt; Rt 
= 3 1 .35 min; FAB Mass spec, m/e 1757 (M+H)+. Amino Acid Analysis : 0.99 Ala; 
10 1.02 Pro; 0.99 Arg; 1.03 Leu; 0.97 Lys; 0.97 NMeTyr; 0.51 Ser; 1.12 3Pal; 1.2 
4ClPhe; 0.90 Sar. 

Example 14c N-Nicotinyl-DAla-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compound 88) was obtained as the trifluoroacetate salt; Rt 
15 =31.15 min; FAB Mass spec, m/e 1705 (M+H)+. Amino Acid Analysis : 1.98 Ala; 

1.02 Pro; 0.98 Arg; 1.02 Leu; 0.92 Lys; 1.10 NMeTyr; 0.47 Ser; 1.12 3Pal; 1.20 
4ClPhe. 

Example 14d N-Shikimyl-DAla-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
20 Leu-Arg-Pro-DAlaNH2 (Compound 89) was obtained as the trifluoroacetate salt; Rt 
= 30.75 min; FAB Mass spec, m/e 1756 (M+H)+. Amino Acid Analysis : 1.98 Ala; 
1.05 Pro; 1.00 Arg; 1.03 Leu; 0.94 Lys; 1.01 NMeTyr; 0.47 Ser; 1.11 3Pal; 1.19 
4ClPhe. 

25 Example 14e N-Nicotinyl-DSer-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compound 90) was obtained as the trifluoroacetate salt; Rt 
= 31.35 min; FAB Mass spec, m/e 1722 (M+H)+. Amino Acid Analysis : 0.97 Ala; 

1.03 Pro; 0.96 Arg; 1.02 Leu; 0.96 Lys; 1.02 NMeTyr; 1.01 Ser; 1.10 3Pal; 1.14 
4ClPhe. 

30 

Example 14f N-Shikimyl-DSer-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compound 91) was obtained as the trifluoroacetate salt; Rt 
= 30.60 min; FAB Mass spec, m/e 1773 (M+H) + . Amino Acid Analysis : 0.98 Ala; 
1.03 Pro; 0.95 Arg; 0.99 Leu; 0.93 Lys; 1.02 NMeTyr; 0.96 Ser; 1.06 3Pal; 1.12 
35 4ClPhe. 
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Example 14g N-Nicotinyl-DLys(Nic)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2 (Compound 92) was obtained as the 
trifluoroacetate salt; R t = 29.25 min; FAB Mass spec, m/e 1867 (M+H)+. Amino 
Acid Analysis : 0.99 Ala; 1.01 Pro; 0.97 Arg; 1.03 Leu; 1.85 Lys; 1.05 NMeTyr; 
5 0.49 Ser; 1. 13 D3Pal ; 1 .20 D-4ClPhe. 

Example 14h N-Shikimyl-DLys(Nic)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2 (Compound 93) was obtained as the 
trifluoroacetate salt; Rt = 28.65 min; FAB Mass spec, m/e 1918 (M+H)+. Amino 
10 Acid Analysis : 0.98 Ala; 1.00 Pro; 0.99 Arg; 1.02 Leu; 1.79 Lys; 1.09 NMeTyr; 
0.45 Ser; 1.11 3Pal; 1.19 4ClPhe. 

Example 14i N-Nicotinyl-DLys(Shik)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-Pro-DAlaNH2 (Compound 94) was obtained as the 
15 trifluoroacetate salt; Rt = 29.05 min; FAB Mass spec, m/e 1918 (M+H)+. Amino 
Acid Analysis : 1.03 Ala; 1.04 Pro; 1.01 Arg; 1.06 Leu; 1.88 Lys; 1.12 NMeTyr; 
0.57 Ser; 1.16 3Pal; 1.23 4ClPhe. 

Example 14j N-Shikimyl-DLys(Shik)-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr- 
20 DLys(Shik)-Leu-Arg-Pro-DAlaNH2 (Compound 95) was obtained as the 

trifluoroacetate salt; Rt = 28.35 min; FAB Mass spec, m/e 1969 (M+H)+. Amino 
Acid Analysis : 0.99 Ala; 1.02 Pro; 0.96 Arg; 1.02 Leu; 1.80 Lys; 1.01 NMeTyr; 
0.49 Ser; 1.12 3Pal; 1.194ClPhe. 

25 Example 14k N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compound 96) was obtained as the trifluoroacetate salt; Rt 
= 30.85 min; FAB Mass spec, m/e 1691 (M+H)+ Amino Acid Analysis : 0.98 Ala; 
1.04 Pro; 1.00 Arg; 1.02 Leu; 0.95 Lys; 0.92 NMeTyr; 0.47 Ser; 1.03 3Pal; 1.08 
4ClPhe; 0.84 Gly. 

30 

Example 141 N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 (Compound 97) was obtained as the trifluoroacetate salt; Rt 
= 30.85 min; FAB Mass spec, m/e 1743 (M+H)+ Amino Acid Analysis : 0.99 Ala; 
1.06 Pro; 1.00 Arg; 1.03 Leu; 0.97 Lys; 0.92 NMeTyr; 0.49 Ser; 1.05 3Pal; 1.10 
35 4ClPhe; 0.92 Gly. 
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Example 14m N-(S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DLys(Shik)-Leu-Arg-I > ro-DAlaNH2 (Compound 98) was obtained as the 
trifluoroacetatesalt; R t = 38.40 min; FAB Mass spec, m/e 1683 (M+H)+. Amino 
Acid Analysis : 1.01 Ala; 1.02 Pro; 0.98 Arg; 1.01 Leu; 0.% Lys; 1.02 NMeTyr; 
s 0.52 Ser; 1.003Pal; 1.09 4ClPhe; 1.02 Gly. 

Example 14n N-(R)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DLys(Shik)-Leu-Arg-Pro-DAlaNH2 (Compound 99) was obtained as the 
trifluoroacetate salt; Rt = 41.15 min; FAB Mass spec, m/e 1683 (M+H)+. Amino 
10 Acid Analysis : 1.01 Ala; 1.02 Pro; 0.98 Arg; 1.01 Leu; 0.96 Lys; 1.02 NMeTyr; 
0.52 Ser; 1.00 3Pal; 1.094ClPhe; 1.02 Gly. 

Example 15 

The following compounds were prepared by the procedure described in 
1 5 Example 14 was used but substituting the appropriate BOC-amino acids at position G 
and acids at position X for BOC-DLys(Shik). After workup, lyophilization and 
HPLC purification the following compounds were obtained: 

Example 15a N-Shikimyl-Gly-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(Nic)- 
20 Leu-Arg-Pro-DAlaNH2 (Compound 100) was obtained as the trifluoroacetate salt; Rt 
= 32.85 min; FAB Mass spec, m/e 1692 (M+H) + . Amino Acid Analysis : 1.00 Ala; 

1.03 Pro; 0.97 Arg; 1.03 Leu; 1.00 Lys; 1.14 NMeTyr; 0.52 Ser; 1.12 3Pal; 0.97 
Gly. 

25 Example 15b N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly- 
Nic)-Leu-Arg-Pro-DAlaNH2 (Compound 101) was obtained as the trifluoroacetate 
salt; R t = 34.75 min; FAB Mass spec, m/e 1750 (M+H)+. Amino Acid Analysis : 
1.01 Ala; 1.03 Pro; 0.98 Arg; 1.01 Leu; 0.97 Lys; 1.04 NMeTyr; 0.53 Ser; 1.00 
3Pal; 1.09 4CIPhe; 2.01 Gly. 

30 

Example 15c N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(DSer- 
Nic)-Leu-Arg-Pro-DAlaNH2 (Compound 102) was obtained as the trifluoroacetate 
salt; R t = 34.45 min; FAB Mass spec, m/e 1778 (M+H) + . Amino Acid Analysis : 

1.04 Ala; 1.00 Pro; 0.94 Arg; 1.00 Leu; 1.02 Lys; 1.12 NMeTyr; 1.28 Ser; 1.02 
35 3Pal ; 1 .06 4ClPhe; 1.15 Gly. 
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Example 15d N-Shikimyl-Gly-D2Nal-D4ClPhe-D3PaI-Ser-NMeTyr-DLys(Gly- 
Shik)-Leu-Arg-Pro-DAlaNH2 (Compound 103) was obtained as the trifluoroacetate 
salt; Rt = 18.59 min; FAB Mass spec, m/e 1799 (M+H)+. Amino Acid Analysis : 
1.13 Ala; 0.98 Pro; 0.99 Arg; 1.03 Leu; 0.96 Lys; 0.85 NMeTyr; 0.44 Ser; 0.69 
5 3PaI ; 0.76 4ClPhe; 1 .91 Gly. 

Example 16 

N-Shikimvl.Glv-m Nal-D4ClPhe-D INal-Ser-NMeTvr-DI Ars/Shikl-Leu- Arp-Pm- 
DAJaMi2.(Compound 104) 

The title compound was prepared by the procedure described in Example 14 
10 forN-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg-Pro- 
DAlaNH2 was used but substituting BOC-DlNal for BOC-D3Pal. After workup, 

lyophilization and HPLC purification N-Shikimyl-Gly-D2Nal-D4ClPhe-DlNal-Ser- 
NMeTyr-DLys(Shik)-Leu-Arg-Pro-DAlaNH2; Rt = 40.55 min; FAB Mass spec, m/e 
1791 (M+H)+. Amino Acid Analysis : 1.04 Ala; 1.00 Pro; 0.94 Arg; 0.99 Leu; 0.99 
15 Lys; 0.61 NMeTyr; 0.58 Ser; 1 .06 4ClPhe; 1 .02 Gly. 

Example 17 

N-Shildmvl-Glv-D2Nal-D4ClPhe-n 3Pal-Ser-NMePhe-DLvsfShilcVLeu-Arp-Prf.- 
DAJaNJio (Compound 105) 

20 The title compound was prepared by the procedure described in Example 14 

forN-Slukimyl-Gly-D2Nal-IMClPhe-D3PaI-Ser-NMeTyr-DLys(Shik)-Leu-Arg-Pro- 
DAlaNH2 was used but substituting BOC-NMePhe for BOC-NMeTyr(0-2,6- 
diClBzl). After workup, lyophilization and HPLC purification N-Shikimyl-Gly- 

D2Nal-D4aPhe-DlNal-Ser-NMePhe-DLys(Shik)-Leu-Arg-Pro-DAIaNH2; Rt = 
25 35.05 min; FAB Mass spec, m/e 1726 (M+H)+. Amino Acid Analysis : 1.03 Ala; 
1.02 Pro; 0.98 Arg; 1.00 Leu; 0.52 Ser; 1.03 Pal; 1.07 4ClPhe; 0.97 Gly. 

Example 18 

The following compounds were prepared by the procedure described in 
30 Example 14 for N-SWkimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Arg-Pro-DAlaNH2 was used but substituting BOC-lle and BOC-NMeLeu, 
respectively, for BOC-Leu. After workup, lyophilization and HPLC purification the 
following compounds were obtained: 

35 Example 18a N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Ile-Arg-Pro-DAlaNH2; Rt = 32.05 min; FAB Mass spec, m/e 1742 (M+H)+. Amino 
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Acid Analysis : 1.06 Ala; 1.07 Pro; 0.99 Arg; 0.93 He; 0.52 Ser; 1.06 3Pal; 1.06 
4ClPhe; 1.00 Gly (Compound 106). 

Example 18b N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(Shik)- 
5 NMeLeu-Arg-Pro-DAlaNH2; Rt = 33.4 min; FAB Mass spec, m/e 1756 (M+H)+. 
Amino Acid Analysis : 1.09 Ala; 1.02 Pro; 0.97 Arg; 0.94 Lys; 0.75 NMeTyr; 0.51 
Ser; 1.03 3Pal; 1.094ClPhe; 0.97 Gly (Compound 107). 



Example 19 

10 N-Shikimvl-Glv-D2Nal-D4ClPhe-D3Pal-Se r-NMeTvr-DLvs(Shik>-Leu-Are-Aze- 
DAlaNH 2 (Compound 108) 

The tide compound was prepared by the procedure described in Example 14 
forN-SWkimyl-Gly-D2Nal-I>4aPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg-Pro- 
DAlaNH2 was used but substituting BOC-Aze for BOC-Pro. After workup, 

15 lyophilization and HPLC purification N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DLys(Shik)-Leu-Arg-Aze-DAlaNH2 was obtained; Rt = 14.13 min; FAB 
Mass spec, m/e 1728 (M+H) + . Amino Acid Analysis : 1.03 Ala; 0.96 Arg; 0.98 Leu; 
0.99 Lys; 1.41; NMeTyr; 0.51 Ser; 0.95 3Pal; 1.00 4ClPhe; 1.05 Gly. 



20 Example 20 

N-Shikimvl-Glv-D2Nal-D4ClPhe.D3Pa1-Ser-NMeTvr-DLvsfGlvGlvNic>-Leu-Arg- 
Pro-DAlaNH o ("Compound 109) 

The title compound was prepared by the procedure described in Example 15 
forN-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly-Nic)-Leu-Arg- 

25 Pro-DAlaNH2 was used but coupling twice with BOC-Gly before the nicotinic acid 
coupling. After workup, lyophilization and HPLC purification N-Shikimyl-Gly- 
D2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(GlyGlyNic)-Leu-Arg-Pro-DAlaNH2was 
obtained; Rt = 14.77 min; FAB Mass spec, m/e 1805 (M+H) + . Amino Acid Analysis 
: 1.02 Ala; 1.00 Arg; 1.03 Leu; 1.02Lys; 1.10 NMeTyr; 0.47 Ser; 1.17 3Pal; 0.91 

30 4ClPhe; 2.90 Gly. 

Example 21 

N-(L-Gulonvn-Glv-D2Nal-E)4ClPhe-D3Pal-Ser-NMeTvr-DLvs(Glv-L-Gulo nvn- 
Leu-Arg-Pro-DAlaN H? (Compound 110) 

The title compound was prepared by the procedure described in Example 15 
35 forN-SWkimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Gly-Shik)-Leu-Arg- 
Pn>DAlaNH2 was used to synthesize Boc-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
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NMeTyr-DLys(Gly-Boc)-Leu-Arg-Pro-DAIa-resin. The peptide was cleaved with 
HF/anisole and 1 yophylized leaving the free glycine amine residues at positions 0 and 
6. The crude peptide (0.24 g, 0.17 mmol), and L-gulonic lactone (0.30 g, 1.7 mmol) 
were heated in DMF at 85° for 48 h. The solution was concentrated in vacuo and the 
5 residue was purified by HPLC to give N-(L-Gulonyl)-Gly-D2Nal-D4ClPhe-D3Pal- 
Ser-NMeTyr-DLys(Gly-L-Gulonyl)-Leu-Arg-Pro-DAlaNH2 was obtained; Rt = 
17.16 min; FAB Mass spec, m/e 1843 (M+H)+ Amino Acid Analysis : 1.14 Ala; 
0.97 Pro; 1.00 Arg; 1.06 Leu; 0.96 Lys; 0.87 NMeTyr; 0.45 Ser; 0.69 3Pal; 0.75 
4ClPhe; 1.85 Gly. 
10 Example 22 

Pro-DAlaNH? (Compound 111) 

The title compound was prepared by the procedure described in Example 15 

[or N-Sfckimyl-Gly-D2Nal-I^ 
15 Pro-DAlaNH2 was used but substituting nicotinic for shikimic acid. After workup, 

lyophilization and HPLC purification N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 

NMeTyr-DLys(Gly-Shik)-Leu-Arg-Pro-DAlaNH2 was obtained; Rt = 23.82 min; 

FAB Mass spec, m/e 1748 (M+H)+ Amino Acid Analysis : 1.03 Ala; 0.99 Pro; 

0.94 Arg; 0.98 Leu; 1.01 Lys; 0.93 NMeTyr; 0.50 Ser; 1.06 3Pal; 1. 13 4ClPhe; 2.08 
20 Gly. 

Example 23 

The following compounds were prepared by the procedure described in 
Example 14 was used but substituting BOC-Ile and BOC-NMeLeu, respectively, for 
BOC-Leu. After workup, lyophilization and HPLC purification the following 
25 compounds were obtained: 

Example 23a N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3P^l-Ser-NMeTyr-DLys(Shik)- 
Ile-Arg-Pro-DAlaNH2 (Compound 112); Rt= 14.27 min; FAB Mass spec, m/e 1691 
(M+H)+ Amino Acid Analysis : 1.04 Ala; 1.04 Pro; 1.00 Arg; 0.95 He; 0.96 Lys; 
30 1.79 NMeTyr; 0.47 Ser; 0.99 D3Pal; 1.05 D4ClPhe; 1.01 Gly. 

Example 23b N-Nicotinyl-Gly-D2Nal-I>^lPhe--D3Pal--Ser-NMeTyr- 
DLys(Shikimyl)-NMeLeu-Arg-Pro-DAlaNH2 (Compound 113);Rt= 15.15 min; 
FAB Mass spec, m/e 1705 (M+H)+. Amino Acid Analysis : 1.08 Ala; 1.01 Pro; 0.97 
35 Arg; 0.92 Lys; 133 NMeTyr; 0.47 Ser; 0.95 3Pal; 1.01 4ClPhe; 1.06 Gly. 
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Example 24 



N-Ni(X>tinvl-Glv-D2Nal-D4ClPhe-D3Pal-Ser-NMeTvr-DLvsfShikimvn-Leu-Arg- 
Aze-DAlaNH o (Compound 114) 

The title compound was prepared by the procedure described in Example 19 
5 was used but substituting BOC-Aze for BOC-Pro. After workup, lyophilization and 
HPLC purification Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shildmyl)-Leu-Arg-Aze-DAlaNH2 was obtained; Rt = 14.00 min; FAB Mass 
spec, m/e 1678 (M+H)+. Amino Acid Analysis : 1.02 Ala; 1.00 Arg; 0.97 Lys; 0.46 
Ser; 1.15 3Pal; 0.894ClPhe; 1.0 Gly. 



The following compounds were prepared by the procedure described in 
Example 14 was used but substituting BOC-Harg(N02) for BOC-Arg(Tos). After 
workup, lyophilization and HPLC purification the following compounds were 
15 obtained: 

Example 25a N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Harg-Pro-DAlaNH2 (Compound 1 15); R t = 30.45 min; FAB Mass spec, m/e 
1705 (M+H)+. Amino Acid Analysis : 0.99 Ala; 1.00 Pro; 1.04 Leu; 0.96 Lys; 1.06 
20 NMeTyr; 0.54 Ser; 1.13 3Pal; 1.20 4ClPhe; 1.02 Gly. 

Example 25b N-Nicotinyl-DSer-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr- 
DLys(Shikimyl)-Leu-Harg-Pro-DAlaNH2 (Compound 1 16); Rt = 33.85 min; FAB 
Mass spec, m/e 1735 (M+H)+ Amino Acid Analysis : 1.03 Ala; 0.99 Pro; 1.00 Leu; 
25 0.98 Lys; 1 .04 NMeTyr; 1 .05 Ser; 0.97 3Pal ; 1 .04 4ClPhe. 

Example 25c N-(2-Furoyl)-Gly-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Harg-Pro-DAlaNH2 (Compound 1 17); R t = 40.60 min; FAB Mass spec, m/e 
1694 (M+H)+ Amino Acid Analysis : 1.03 Ala; 1.03 Pro; 1.01 Leu; 0.93 Lys; 1.28 
30 NMeTyr; 0.47 Ser; 0.97 3Pal; 1.04 4ClPhe; 0.88 Gly. 

Example 25d N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 
Leu-Harg-Pro-DAlaNH2 (Compound 1 18); Rt = 31.95 min; FAB Mass spec, m/e 
1756 (M+H)+ Amino Acid Analysis : 0.98 Ala; 1.03 Pro; 1.04 Leu; 0.94 Lys; 1.15 
35 NMeTyr; 0.49 Ser; 1.15 3Pal; 1.20 4 4ClPhe; 0.97 Gly. 
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Example 25e N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT\T-DLys(Gly- 
Shik)-Leu-Harg-Pro-DAlaNH2 (Compound 1 19); R t = 30.27 min; FAB Mass spec, 
m/e 1762 (M+H) + . Amino Acid Analysis : 1.07 Ala; 1.00 Pro; 0.99 Leu; 0.99 Lys; 
1.14 NMeTyr; 0.50 Ser; 0.97 3Pal; 1.04 44ClPhe; 2.01 Gly. 

5 

Example 25f N-Nicounyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nicotinyl)-Leu-Harg-Pro-DAlaNH2 (Compound 120); Rt= 18.91 min; FAB 
Mass spec, m/e 1655 (M+H)+ Amino Acid Analysis : 1.02 Ala; 1.00 Pro; 1.03 Leu; 
0.99 Lys; 1.01 NMeTyr; 0.46 Ser; 1.04 3Pal; 1.10 4ClPhe; 0.96 Gly. 

10 

Example 25g N-(3-Quinolinylcarbonyl)-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shikimyl)-Leu-Harg-Pro-DAlaNH2 (Compound 124); R t = 17.77 min; FAB 
Mass spec, m/e 1755 (M+H) + . Amino Acid Analysis : 1.01 Ala; 0.92 Pro; 0.98 Leu; 
1.01 Lys; 1.41 NMeTyr; 0.49 Ser; 0.93 3 Pal; 0.98 4ClPhe; 1.04 Gly. 

15 

Example 26 

The following compounds were prepared by the procedure described in 
Example 22 was used but substituting the appropriate BOC-amino acids at positions A 
and X and the appropriate BOC-amino acids for BOC-NMeTyr(0-2.6-diCl-Bzl). 
20 After workup, lyophilization and HPLC purification the following compounds were 
obtained: 

Example 26a N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe-DLys(Shik)- 
Leu-Harg-Pro-DAlaNH2 (Compound 121); Rt = 16.79 min; FAB Mass spec, m/e 
25 1689 (M+H)+. Amino Acid Analysis : 1.00 Ala; 0.96 Pro; 0.96 Leu; 1.03 Lys; 0.54 
Ser; 0.92 3Pal; 0.97 4ClPhe; 1.05 Gly. 

Example 26b N-Nicotinyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(N02)- 
DLys(Shik)-Leu-Harg-Pro-DAlaNH2 (Compound 122); R t = 17.83 min; FAB Mass 
30 spec, m/e 1736 (M+H)+. Amino Acid Analysis : 1 .07 Ala; 0.99 Pro; 1 .00 Leu; 0.94 
Lys; 0.40 Ser; 0.98 3Pal; 1.04 4ClPhe; l.OOGly. 

Example 26c N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(N02)- 
DLys(Shik)-Leu-Harg-Pro-DAlaNH2 (Compound 123); Rt = 1737 min; FAB Mass 
35 spec, m/e 1785 (M+H)+. Amino Acid Analysis : 1.04 Ala; 0.99 Pro; 1.00 Leu; 0.97 
Lys; 0.48 Ser; 0.99 3Pal; 1.03 4ClPhe; 0.99Gly. 
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Example 27 

The following compounds were prepared by the procedure described in 
Example 14 was used but substituting the appropriate BOC-amino acids and acids at 
5 positions X, A, G and J. After workup, lyophilization and HPLC purification the 
following compounds were obtained: 

Example 27a N-Nicotinyl-Gly-D2Nal-IXaPhe-D3P^-Ser-NMeTyr-DLys(Nic)- 
Leu-Arg-Pro-DAlaNH2 (Compound 125); Rt = 15.1 1 min; FAB Mass spec, m/e 
10 1640 (M+H)+ Amino Acid Analysis : 1.04 Ala; 0.99 Pro; 0.99 Leu; 1.00 Lys; 1.47 
NMeTyr; 0.46 Ser; 0.99 3Pal; 1.06 4ClPhe; 1.02Gly. 

Example 27b N-(R,S)-Tetrahydrofur-2oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DLys(Gly-Nic)-Leu-Arg-Pro-DAlaNH2 (Compound 126); R t = 18.27 min; 
15 FAB Mass spec, m/e 1690 (M+H)+. Amino Acid Analysis : 1.07 Ala; 1.00 Pro; 1.01 
Leu; 0.99 Lys; 1.40 NMeTyr; 0.39 Ser; 0.97 3Pal; 1.09 4ClPhe; 1.97Gly. 

Example 27c N-Shikimyl-Gly-D2Nal-D4aPhe-D3Pal-Ser-NMeT\T-DLys(Nic). 
Leu-Arg-Aze-DAlaNH2 (Compound 127); R t = 14.77 min; FAB Mass spec, m/e 
20 1678 (M+H)+. Amino Acid Analysis : 1.00 Ala; 1.02 Leu; 1.01 Lys; 1.07 NMeTyr; 
0.43 Ser; 1.15 3Pal; 0.90 4ClPhe; 0.98.Gly. 

Example 27d N-Nicotinyl-3-AminopropionyI-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shikimyl)-Leu-Arg-Pro-DAlaNH2 (Compound 128); R t = 30.75 min; FAB 
25 Mass spec, m/e 1705 (M+H)+. Amino Acid Analysis : 1.01 Ala; .0.98 Pro; 0.95 Arg; 
1.04 Leu; 0.96 Lys; 0.90 NMeTyr; 0.55 Ser; 1.13 3Pal; 1.19 4ClPhe. 

Example 27e N-Shikimyl-3-Aminopropionyl-mNal-I>4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Shik)-Leu-Arg-ProDAlaNH2 (Compound 129); R t = 30.95 min; FAB Mass 
30 spec, m/e 1756 (M+H)+ Amino Acid Analysis : 1.00 Ala; .1.03 Pro; 0.99 Arg; 1.04 
Leu; 0.95 Lys; 0.35 NMeTyr; 0.50 Ser; 1.12 3Pal; 1.18 4ClPhe. 
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Example 28 

N-Nicotinvl-3Aminopropionvl^ 
Leu-Harg-Pro-DAlaNH o (Compound 132) 

The title compound was prepared by the procedure described in Example 8 
5 was used but substituting BOC-Harg(NQ2) instead of BOC-Arg(Tos). After 

workup, lyophilization and HPLC purification NicotinyI-3Aminopropionyl-D2Nal- 
D4ClPhe-D3Pal-Ser-NMeTyr-DLy^ R t = 34.20 min; 

FAB Mass spec, m/e 1719 (M+H)+ Amino Acid Analysis : 1.01 Ala; 0.99 Pro; 0.99 
Leu; 1.00 Lys; 1.02 NMeTyr; 0.57 Ser; 0.98 3Pal; 1.04 4ClPhe. 

10 

Example 29 

N-Shikimvl-D2Nal-I>4ClPte 
DAlaN H2 (Compound 13 5) 

The title compound was prepared using the method of Example 8 but 

1 5 substituting the appropriate BOC-amino acids and acids at positions 6 and 0. After 
workup, lyophilization and HPLC purification there was obtained N-Shikimyl- 
D2Nal-D4ClPhe-D3P^-Ser-NMeTyr-DLys(GlyNic)-Leu-Lys(Isp)-Pro-DA 
R t = 31.31 min; FAB Mass spec, m/e 1705 (M+H)+. Amino Acid Analysis: 0.96 
Ala; 1.00 Pro; 0.96 Lys(Isp); 1.00 Leu; 0.85 Lys; 1.08 Gly; 1.08 NMeTyr; 0.49 Ser; 

20 1.13 3Pal; 1.154ClPhe (135). 

Example 30 

The following compounds were prepared by the procedure described in 
Example 1 1 was used but substituting the appropriate BOC-amino acids and acids at 
positions 6 and 0. After workup, lyophilization and HPLC purification the following 
25 compounds were obtained: 

Example 30a N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DLys(Azagly-2Fur)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 136); R t = 
27.47 and 27.58 min; FAB Mass spec, m/e 1694 (M+H)+. Amino Acid Analysis 
30 : 1.02 Ala; 1.02 Pro; 0.95 Lys(Isp); 1.01 Leu; 0.93 Lys; 1.07 NMeTyr; 0.47 Ser; 
1.07 3Pal; 1.13 4ClPhe; 1.03 Gly. 

Example 30b N-Shik-D2Nal-D4ClPhe-D3P^l-Ser-NMeTyr-DLys(Azagly-Nic)-Leu- 
Lys(Isp)-Pro-DAIaNH2 (Compound 139); R t = 31.21 min; FAB Mass spec, m/e 
35 1707 (M+H)+. Amino Acid Analysis : 1.00 Ala; 1.02 Pro; 0.94 Lys(Isp); 1.02 Leu; 
0.87 Lys; 0.87 NMeTyr; 0.5 Ser; 0.97 3PaI; 1.05 CIPhe. 
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Example 30c N-Shik-D2Nal-IMaPhe-D3Pal>Ser-NMeTyr-DLys(Azagly-2Fur)- 
Leu-Lys(Isp)-Pro-DAIaNH2 (Compound 140); Rt = 30.87 min; FAB Mass spec, 
m/e 1696 (M+H)+ Amino Acid Analysis : 1.00 Ala; 1.03 Pro; 0.92 Lys(Isp); 
5 l.OlLeu; 0.96 Lys; 1.16 NMeTyr; 0.5 Ser; 1.05 3Pal; 1.06 CIPhe. 

Example 31 

N-Nicotinvl-Azaglv-raNal-m^ 
Lys(Isp)-Pro-DAlaNH2.(Compound 141) 
10 The title compound was prepared by the procedure described in Example 30 

was used but substituting at position 0 NicAzagly using the same method described 
above for position 6. After workup, lyophilization and HPLC purification 
NicAzagly-D2Nal-D4ClPhe-D3 

Pro-DAlaNH2; Rt = 25.92 min; FAB Mass spec, m/e 1565(M+H)+. Amino Acid 
15 Analysis : 1.02 Ala; 0.98 Pro; 0.91 Lys(Isp); 1.00 Leu; 1.00 Lys; 1.44 NMeTyr; 0.50 
Ser; 1.01 3Pal; 1.0 4CIPhe. 

Example 32 

N-Nicotinvl-A7Jiplv -D4ClPhe-DB^ 

20 DAlaNH2-( c °mpound 142) 

The title compound was prepared by the procedure described in Example 31 
was used but substituting BOC-DLys(Nic) for BOC-DLys(FMOC), BOC-DBal for 
BOC-D3Pal and skipping the BOC-D2Nal couplings. After workup, lyophilization 
and HPLC purification Nic-Azagly-D4aPhe-DBal-Ser-NMeTyr-DLys(Nic)-Leu- 

25 Lys(Isp)-Pro-DAlaNH2; Rt= 19.17 min; FAB Mass spec, m/e 1513 (M+H)+ 

Amino Acid Analysis :0.98 Ala; 1.03 Pro; 0.99 Leu; 1.57 Lys; 1.08 NMeTyr; 0.45 
Ser. 

Example 33 

The following compounds were prepared by the procedure described in 
30 Example 32 was used but substituting the appropriate BOC-amino acids and acids at 
positions 3 and 0. After workup, lyophilization and HPLC purification the following 
compounds were obtained: 



35 
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Example 33a N-(2-Furoyl)-Azagly-D4ClPhe-DBal-Ser-bMeTyr-DLys(Nic)-Leu- 
. Lys(Isp)-ProDAlaNH2 (Compound 143); Rt= 20.41 min; FAB Mass spec, m/e 
1502 (M+H)+. Amino Acid Analysis :0.96 Ala; 1.02 Pro; 1.6 Lys(Isp); 1.02Leu; 
0.94 Lys; 1.16 NMeTyr; 0.48 Sen 

5 

Example 33b N-Isonicotinyl-Azagly-D4ClPhe-DBal-Ser-NMeT>T-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 (Compound 145); Rt= 17.23 min; FAB Mass spec, m/e 
1513 (M+H)+ Amino Acid Analysis : 1.04 Ala; 1.03 Pro; 0.88 Lys(Isp); 0.99 Leu; 
0.94 Lys; 1.23 NMeTyr; 0.63 Ser; 0.86 4ClPhe. 

10 

Example 33c N-Nicodnyl-Azagly-IMClPhe-DlNal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 (Compound 146); Rt = 18.60 min; FAB Mass spec, m/e 
1507(M+H)+. Amino Acid Analysis : 1.01 Ala; 1.02 Pro; 0.95Lys(Isp); 1.00 Leu; 
0.96 Lys; 1.09 NMeTyr; 0.41 Ser; 1.00 4ClPhe. 

15 

Example 34 

N-Nicotinvl-Sar-D4ClPhe-DBal-Ser-N 

DAlaNH2 (Compound 147) 

The title compound was prepared by the procedure described in Example 33 
20 was used but, instead of introducing NicAzagly after the coupling with BOC- 

D4ClPhe, the peptide-resin was coupled with BOC-Sar followed by nicotinic acid. 

After workup, lyophilization and HPLC purification NicSar-EMClPhe-DBal-Ser- 

NMeTyr-DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 was obtained; Rt = 17.80 min; 

FAB Mass spec, m/e 1526 (M+H)+. Amino Acid Analysis : 1.04 Ala; 1.01 Pro; 0.90 
25 Lys(Isp); 0.99 Leu; 0.96 Lys; 1.22 NMeTyr; 0.41 Ser; 0.74 4ClPhe. 

Example 35 

The following compounds were prepared by the procedure described in 
Example 34 was used but coupling with BOC-Gly and nicotinic acid after the 
30 coupling with BOC-Sar and substituting the appropriate BOC-amino acids at position 
3. After workup, lyophilization and HPLC purification the following compounds 
were obtained: 
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Example 35a Nic-Gly-Sar-D4CIPhe-DlNd-Se^^ 

Pro-DAIaNH2(Compound 148); Rt = 17.25 min; FAB Mass spec, m/e 1578 
(M+H)+ Amino Acid Analysis : 0.99 Ala; 1.02 Pro; 0.88 Lys(Isp); 1.03 Leu; 1.05 
Lys; 1.07 NMeTyr; 0.48 Ser; 1.15 4ClPhe; 0.92 Sar; 0.92 Gly. 

5 

Example 35b Nic-Gly-Sar-D4ClPhe-DBal-Ser-hMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2(Compound 149); Rt= 16.30 min; FAB Mass spec, m/e 1584 
(M+H)+. Amino Acid Analysis : 1. 10 Ala; 1.02 Pro; 0.94 Lys(Isp); 0.97 Leu; 0.96 
Lys; 1.10 NMeTyr; 0.41 Ser; 1.03 Sar; 0.95 Gly. 

10 

Example 36 

The following compound was prepared by the procedure described in 
Example 2 but substituting BOC-3-aminopropanoic acid for BOC-Gly and BOC-D- 
Bal for BOC-D-3-Pal. After workup, lyophilization and HPLC purification there was 
15 obtained: 

N-Nicotinyl-3-Aminopropionyl-D2Nal-D4ClPhe-DBal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 (Compound 151) 
was obtained; Rt= 18.39 min; FAB Mass spec, m/e 1726 (M+H)+. Amino Acid 
Analysis : 0.92 Ala; 0.98 Pro; 1.01 Lys(Isp); 1.02 Leu; 1.08 Lys; 1.18 NMeTyr; 
20 036 Ser; 1.04 4ClPhe. 

Example 37 

The following compounds were prepared by the procedure described in 
Example 31 was used but substituting the appropriate BOC-amino acids and acid 
hydrazides. After workup, lyophilization and HPLC purification the following 
25 compounds were obtained: 

Example 37a N-(2-Furoyl)-Azagly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 155); R t = 21.49 min; FAB 
Mass spec, m/e 1644 (M+H)+. Amino Acid Analysis : 0.98 Ala; 1.02 Pro; 1.64 Lys; 
30 1.01 Leu; 0.82 NMeTyr; 0.56 Ser. 

Example 37b N-Nicotinyl-Azagly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)- 
Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 156); R t = 17.60 min; FAB Mass spec, m/e 
1655(M+H)+. Amino Acid Analysis: 0.98 Ala; 1.03 Pro; 1.60 Lys; 1.01 Leu; 1.12 
t 35 NMeTyr; 0.46 Ser. 
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Example37c N-Salicyl-Azagly-D2Nal-IM^ 

Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 157); R t = 20.35 min; FAB Mass spec, m/e 
1671 (M+H)+. Amino Acid Analysis : 0.99 Ala; L01 Pro; 0.98 Lys; 1.01 Leu; 1.12 
NMeTyr;0.46 Sen 

5 

Example 37d N-Isonicotinyl-Azagly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(lsp)-Pro-DAlaNH2 (Compound 158); R t = 19.30min; FAB 
Mass spec, m/e 1655 (M+H)+. Amino Acid Analysis : 1.00 Ala; 1.02 Pro; 0.87 
Lys(Isp); 1.04 Leu; 0.95 Lys; 1.04 NMeTyr; 0.46 Ser; 1.06 3Pal; 1.04 4ClPhe. 

10 

Example 37e N-Tosyl-Azagly-D2Nal-I>4ClPhe-D3P^-Ser-NMeTyr-DLys(Nic)- 
Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 160); R t = 21.17 min; FAB Mass spec, m/e 
1704(M+H)+. Amino Acid Analysis : 1.07 Ala; 1.01 Pro; 0.90 Lys(Isp); 1.01 Leu; 
0.94 Lys; 1.04 NMeTyr; 0.51 Ser. 

15 

Example 38 

N>fR.SVTetrahvdrof ur-2-ovl-Glv-D2Nal-D4ClPhe-D3Pal-Ser-NMeTvr^ 
DLvs(Nicotinvl)-Leu-LysfIspVPro~SarNH2 (Compound 165) 

The title compound was prepared using the procedure described in Example 3 

20 but substituting BOC-SarNH-resin fot BOC-DAlaNH-resin. After workup, 
lyophilization and HPLC purification £R,S) Tetrahydrofur-2-oyl-GIy-D2Nal- 
D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2 (165) is 
obtained as the trifluoroacetic acid salt. Rt = 17.03 and 18.04 min; FAB Mass spec, 
m/e 1646 (M+H)+. Amino Acid Analysis : 1.01 Sar; 1.0 Pro; 1.23 Lys(Isp); 1.01 

25 Leu; 1.02 Lys; 1.12 NMeTyr; 0.51 Ser; 1.13 3Pal; 1.31 4ClPhe. 

Example 39 

N-(SVTetrahvdrofur-2<>vl-Glv^^ 

DLvsfNicoti nvn-Leu-LvsnspVPro-SarN Ho (Compound 166) 
30 The procedure described in Example 4 was used but substituting BOC- 

SarNH-resin for BOC-DAlaNH-resin. After work-up, lyophilization, and HPLC 
purification N-(S)-2-Tetrahydrof uroyl-Gly-D2Nal-D4ClPhe-D3P^l-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 was obtained as the 
trifluoix>acetate salt; R t = 19.75 min; FAB Mass spec, m/e 1647 (M+H)+. Amino 
35 Acid Analysis : 0.90 Sar; 0.99 Pro; 1.0 Lys(Isp); 0.99 Leu; 0.99 Lys; 1.03 NMeTyr; 
0.39 Ser; 0.97 D3Pal; 1.03 D4ClPhe; 1.02 Gly. 
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Example 40 

N-(RVTetrahvdrofur-2-ovl-^ 

DLvs(Nicotinvn-Leu-Lv$fIspVPro-SarNH 2 (Compound 167) 
5 The procedure described in Example 5 is used but substituting BOC-SarNH- 

resin instead of BOC-DAlaNH-resin. After workup, lyophilization and HPLC 
purification £R)-Tetrahydrofur-2K>l-Gly-D2N^ 

DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2 (1 67) is obtained as the trifluoroacetic 
acid salt. 

10 Example 41 

N-(R.S)-Teti^vd rofur-2-ov^ 
Leu-Lvs(IspVPro-SarN H2 (Compound 168) 

The procedure described in Example 1 is used but substituting the BOC- 
Tyr(0-2,6diClBzl) for BOC-NMe-Tyr(0-2,6Cl-Bzl). After workup, lyophilization 
15 and HPLC purification (R,S) Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
Tyr-DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2 (1 68) is obtained as the 
trifluoroacetic acid salt 

Example 42 

N-(R,S)-Tetrahyd^ 

20 DLvsfNicoti nvlVI^u-LvsflsDVPro-SarNH o (Compound 169) 

The procedure described in Example 41 is used but substituting BOC- 
Lys(Nic) for BOC-Tyr(0-2,6Cl-Bzl). After workup, lyophilization and HPLC 
purification £R,S) Tetrahydrofur-2K)yl-Gly-D2Nal-I>^lPhe-D3Pa-Ser-Lys(Nic)- 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-SarNH2 (1 69) is obtained as the trifluoroacetic 

25 acid salt. 

Example 43 

N-(R.S)-Tetnihvdmfu^ 
Pro-SarNHo (Compound 170) 

The procedure described in Example 41 is used but substituting BOC-DCit 
30 and BOC-Arg(Tos) for BOC-DLys(Nic) and BOC-Lys(CbzJsp), respectively. After 
workup, lyophilization and HPLC purification (R,S) Tetrahydrofur-2-oyl-Gly- 
D2Nal.MClPhe-D3Pal-Ser-Tyr^DCit-Leu-Arg-Pr(>SarNH2 (170) is obtained as the 
trifluoroacetic acid salt. 
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Example 44 

N-(R.S>Tetrahvdrofu^^ 
ProSarNH ? (Compound 171) 

The procedure described in Example 41 is used but substituting BOC-DHcit 
5 for BOC-DLys(Nic). Af ter workup, lyophilization and HPLC purification £R,S) 
Tetrahydrofur-2^yl-G^ 

SarNH2 ( 1 7 1 ) is obtained as the trifluoroacetic acid salt. 

Example 45 

10 WR,SVTeinJivdrofi^ 

Lvs(Isp)-Pro-SarNH 2 (Compound 172) 

The procedure described in Example 44 is used but substituting BOC- 
Lys(Isp,Cbz) for BOC-Arg(Tos). After workup, lyophilization and HPLC 
purification *R,S) Tetrahydrofur-2-oyl-Gly-D2Nal-I>4ClPhe-D3F^l-Ser-Tyr-DHcit- 

1 5 Leu-Lys(Isp)-Pro-SarNH2 ( 1 7 2) is obtained as the trifluoroacetic acid salt 

Example 46 

N>fR.SVTetrahvdrofur^ovl-Glv-D2Nal-D4aPhe-D3P^l-Ser>Arg-D- 
4^pQMeBzon Hala-Leu>Arg>ProSarNH 2 (Compound 173) 
20 The procedure described in Example 43 is used but substituting BOC- 

Arg(Tos) and BOC-D-4-(p-OMe-Benzoyl)Homoalanyl for BOC-Tyi(0-2,6-diClBzl) 
and BOC-DCit, respectively. After workup, lyophilization and HPLC purification 
£R,S) TetrcJiydrofur-2-oyl-Gly-D^ 

Arg-Pro-SarNH2 (1 73) is obtained as the trifluoroacetic acid salt 

25 

Example 47 

NiKSHetrahy^ 
HargfE t ^VPro-SarN Ho (Compound 174) 

The procedure described in Example 43 is used but substituting BOC- 
30 DHarg(Et2) and BOC-Harrg(Et2) for BOC-DCit and BOC-Arg(Tos), respectively. 
After workup, lyophilization and HPLC purification (R,S) Tetrahydrofur-2-oyl-Gly- 
D2Nal-D4CIPhe-D3Pa-Ser-Tyr-D^^ (174) is 

obtained as the trifluoroacetic acid salt 
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Example 48 

N-(RS)-Tetrahvdrofur-2-ov1-Glv-n 2Nal-IMClPh fi .D3Pal-Ser-NMePhe(At7V 
DPherAtzVLeu-LvsnspVPro-SarNlHo (Compound 175) 

The procedure described in Example 38 is used but substituting BOC- 
5 NMePhe(4NFMOC) and BOC-DPhe(4NFMOC) for BOC-NMeTyr(0-2,6-ClBzl) and 
BOC-DLys(Nic). The peptide-resin was treated with 30% piperidine in DMF for 2 
hr, then washed three times with (1:1) DMF/DCM, treated with a solution of diphenyl 
cyanocarbonimidate (0.43 g) in DMF ( 15 mL) and the mixture was bubbled for 16 hr. 
The resin was washed three times each with DCM/DMF, MeOH, and DCM, then 
10 treated with hydrazine ( 10 mL) for 8 hr. The resin was again washed as previously 
and dried in vacuo overnight over P2Q5. After cleavage of the peptide from the resin 
with HF, workup, lyophilization and HPLC purification (R,S) Tetrahydrofur-2-oyl- 

Gly-D2Nal-IMClPhe-D3Pal-Ser-NMePhe(Atz)-DPhe(Atz)-Leu-Lys(l'sp)-Pro- 
SarNH2 (1 75) is obtained as the trifluoroacetic acid salt 

15 

Example 49 

N-(R,S)-Teti^ydrofu r-?^ 
Leu-LvsrispVPro-SarKTHo (Compound 176) 

The procedure described in Example 48 is used but substituting BOC- 
20 Phe(4NFMOC) for BOC-NMePhe(4NFMOC). After workup, lyophilization and 
HPLC purification (R,S) Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
Phe(Atz)-DPhe(Atz)-Leu-Lys(Isp)-Pro-SarNH2 (176) is obtained as the 
trifluoroacetic acid salt 

Example 50 

25 N-(R,S)Tetrahvdrofur-2^vl -Glv-D2Nal-n4ClPhe-D3T^1-Ser-NMePhp<-M f -At 7 |. 

DPhe(Me-AtzVLeu-I .vsr ispl-Pro-SarN^ (Compound 177) 

The procedure described in Example 48 is used but substituting BOC- 

NMePhe(4Me-NFMOC) and BOC-DPhe(4Me-NFMOC) for BOC- 

NMePhe(4NFMOC) and BOC-DPhe(4NFMOC). After workup, lyophilization and 
30 HPLC purification (R.S) Tetrahydrofur-2-oyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser- 

NMePhe(MeAtz)-DPhe(Me-Atz)-Leu-Lys(Isp)-Pro-SarNH 2 (177) is obtained as the 

trifluoroacetic acid salt 
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Example 51 

N-(R.S)-Tetrahvdrofur-2-ovl-Glv-D2Nal-D4ClPhe-D3Pal-Ser-Lvs(AtzVDLvs(Aty.V 
Leu-LvsdspVPro-SarNH o (Compound 178) 

The procedure described in Example 48 is used but substituting BOC- 
5 Lys(FMOC) and BOC-DLys(NFMOC) for BOC-NMePhe(4N-FMOC) and BOC- 
DPhe(4NFMOC), respectively. After workup, lyophilization and HPLC purification 
(R,S)Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Atz)-DLys(Atz)- 
Leu-Lys(Isp)-Pro-SarNH2 is obtained as the trifluoroacetic acid salt. 

10 Example 52 

The procedures described in Examples 41-49 are used but substituting BOC- 
DAla-NH-resin for BOC-Sar-NH-resin. After workup, lyophilization and HPLC 
purification the following compounds are obtained as the trifluoroacetic acid salt: 

15 Example 52a N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4aPhe-D3Pal-Ser-Tyr- 
DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 179). 

Example 52b N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
Lys(Nic)-DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 180). 

20 

Example 52c N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
DCit-Leu-Arg-Pro-DAlaNH2 (Compound 181). 

Example 52d N-(R,S)-Tetrahydrofur-2-oyl-Gly.D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
25 DHcit-Leu-Arg-Pro-DAlaNH2 (Compound 182). 

Example 52e N-(R,S)rTetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
DHcit-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 183). 

30 Example 52f N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4aPhe-D3Pal-Ser-Arg-D- 
4(pOMeBzol)Hala-Leu-Arg-Pn>DAlaNH2 (Compound 184). 

Example 52g N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4aPhe-D3Pal-Ser-Tyr- 
DHarg(Et2)-Leu-Harg(Et2)-Pro-DAlaNH2 (Compound 185). 
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Example 52h N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMePhe(Atz)-DPhe(Atz)-Uu-Lys(Isp)-Pro-DAlaNH2 (Compound 186). 

Example 52i N-{R,S)-Tetrahydrofur-2-oyl-GIy-D2Nal-D4ClPhe-D3Pal-Ser- 
5 Phe(Atz)-DPhe(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound Compound 187). 

Example 52j N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMePhe(Me-Atz)-DPhe(Me-Atz)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 188). 

10 Example 52k N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
Lys(Atz)-DLys(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 189). 

Example 53 

The procedure described in Example 31 is used but substituting BOC-SarNH- 
15 resin for BOC-DAlaNH-resin and substituting the appropriate amino acids and acids 
at position 6. After workup, lyophilization and HPLC purification the following 
compounds are obtained as the trifluoroacetic acid salt: 

Example 53a N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
20 NMeTyr-DLys(Azagly-2Fur)-Leu-Lys(Isp)-Pro-SarNH2 (Compound 190). 

Example 53b N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4aPhe-D3Pal-Ser- 
NMeTyr-DLys(Azagly-Nic)-Leu-Lys(Isp)-Pro-SarNH2 (Compound 191). 

25 Example 53c N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DLys(Gly-Nic)-Leu-Lys(Isp)-Pro-SarNH2 (Compound 192). 

Example 54 

N-Nicotinvl-Glv-D2Nal-D4aPhe-raPa l-Ser-NMeTvr-DLvsfShitrVl^...H a rp-Pr^ 
30 SarNH2-(Compound 193) — — 

The procedure described in Example 1 is used but substituting the appropriate 
BOC-amino acids for BOC-Gly, BOC-DLys-FMOC for BOC-DCit, and BOC-Sar- 
NH-resin for BOC-DAla-NH-resin. After workup, lyophilization and HPLC 

purification Nic-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Harg- 
35 Pro-SarNH2 is obtained as the trifluoroacetate salt. 
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Example 55 

N-(R.S)Tetrahvdrofu^ 
Leu-Harg-Pro-DAlaNH o (Compound 194) 

The procedure described in Example 54 is used but substituting BOC- 
5 DAlaNH-resin for BOC-SarNH-resin. After workup, lyophilization and HPLC 

purification N-(R,S) 4H2Fur-Gly-D2Nal-D4ClPhe-D3P^l-Ser-NMeTyr-DLys(Shik)- 
Leu-Harg-Pro-DAlaNHo is obtained as the trifluoroacetate salt. 

Example 56 

10 N-(R.SVTeti^vdrofur-2-ovl^ 

Leu-Harg-Pro-SarNHo (Compound 195) 

The procedure described in Example 55 is used but substituting (R,S)- 
tetrahydro-2-furoic acid for nicotinic acid. After workup, lyophilization and HPLC 
purification N-(R,S) 4H2Fur-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)- 

1 5 Leu-Harg-Pro-SarNH2 is obtained as the trifluoroacetate salt. 

Example 57 

N-Shikimvl-Glv-D2Nal-I>^lPhe^ 
SarNH2_(Compound 196) 

The procedure described in Example 54 is used but shikimic acid for nicotinic 
acid. After workup, lyophilization and HPLC purification Shik-Gly-D2Nal- 
IMClPhe-D3Pa-Ser->Me^ is obtained as the 

trifluoroacetate salt 

Example 58 

N-Nicotinvl-Glv-D2N al-IMClPhe 
Harg-Pro-DAlaNH o (Compound 197) 

The procedure described in Example 54 is used but substituting the 
appropriate BOC-amino acids and acids at positions 0, 6 and 8. After workup, 
lyophilization and HPLC purification Nic-Gly-D2Nal-D4ClPhe-D3Pal-Ser- 
NMePhe(4AmAtz)'DLys(Shik)-Leu-Harg-Pro-DAlaNH2 is obtained as the 
trifluoroacetate salt. 
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Example 59 

N-Nicotinyl-Glv-D30a]-^ 

DAl^H2-( Com P° und 198 > 

The procedure described in Example 14 is used but substituting BOC-3Qal for 
5 BOC-D2Nal. After workup, lyophilization and HPLC purification Nic-Gly-D3Qal- 
D4ClPhe-D3Pal-Ser-^eTyr-DLys(SW is obtained as 

the trifluoroacetate salt 

Example 60 

N-Nicotinvl-Glv-D2 Nal-D4ClPhe-D^ 

10 I^u-Harg-Pro-SarN H2 (^Compound 199) 

The procedure described in Example 54 is used to obtain Nic-Gly-D2Nal- 
D4ClPhe-D3F^-Ser-NMeTyr-DLys(FMOC^^ . This was 

then treated with excess of l,l f -N,N f -carbonyldiimidazole in DMF for 20 min. The 
resin was washed three times with (1:1) DMF/DCM and the treated with excess of 

15 diaminoproprane in DMF for 1 hr. The resin was again washed as previously 

described and reacted with shikimic acid in DMF using two couplings of 6 hr each. 
After workup, lyophilization and HPLC purification Nic-Gly-D2Nal-D4ClPhe-D3Pa]- 
Ser-NMeTyr-DLys(COdiAmpropShik)-Leu-Harg-Pro-SarNH2 is obtained as the 
trifluoroacetate salt 

20 Example 61 

fR.S)4ffiFur -Glv-D2Nal-D4aPhe-D3^ 
Leu-Lvsrispl-Pro-DAlaNH o (Compound 200) 

The procedure described in Example 60 is used to obtain (R,S)-4H2Fur-Gly- 
D2Nal-D4ClPhe-D3Pa-Ser-NMeT^ 

25 resin . This was then treated with excess of U-RN'-carbonyldiimidazole in DMF 
for 20 min. The resin was washed three times with (1: 1) DMF/DCM and the treated 
with excess of diaminoproprane in DMF for 1 hr. The resin was again washed as 
previously described and reacted with shikimic acid in DMF using two couplings of 6 
hr each. After workup, lyophilization and HPLC purification (R,S) 4H2Fur-Gly- 

30 D2Nal-D4ClPhe-D3Pal-Ser-N^ 

DAlaNH2 is obtained as the trifluoroacetate salt 



35 



WO 95/04541 PCT/US94/08678 



61 

Example 62 

N-fR.SVTetrahvdrofur-2^ovNGlv-D2Nal-D4ClPhe-D3Pal-Ser>NMeTvr- 
DLysf COdi AmpropShikVLeu-Harg-Pro>SarNH 2 ( Compound 201) 

The procedure described in Example 61 is used but substituting SarNH-resin 
5 for BOC-DAlaNH-resin. After workup, lyophilization and HPLC purification (R,S) 
4H-2Fur-Gly-D2Nal-IMClPhe-D3P 
Harg-Pro-SarNH2 is obtained as the trifluoroacetate salt. 

Example 63 

10 (R.S) 4mFur-Glv-D2Nal-I>4C^^ 

Leu-LvsrtspVPro-SarN H? (Compound 202) 

The procedure described in Example 62 is used but substituting nicotinic acid 
for shikimic acid. After workup, lyophilization and HPLC purification (R,S) 
4H2Fur-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(COdiAmpropNic)-Uu- 
15 Lys(Isp)-Pro-SarNH2 is obtained as the trifluoroacetate salt 

Example 64 

Nic-Glv-D3Qal-I>4ClPhe-D3Pa-^ 
DAlaNH? (Compound 203) 

The procedure described in Example 59 is used but substituting BOC-cis- 
20 Cha(4Am-Prz) for BOC-NMeTyr(02,6-Cl-Bzl) and picolinic acid for nicotinic acid. 
After workup, lyophilization and HPLC purification Nic-Gly-D3Qal-D4ClPhe-D3Pal- 
Ser-cis-Cha(4AmPrz)-DLys(Pic)-Leu-Arg-Pro-DAlaNH2 is obtained as the 
trifluoroacetate salt. 

Example 65 

25 The procedure described in Example 2 is used but substituting BOC-Sar-NH- 

resin for for BOC-DAla-NH-resin. After work-up, lyophilization, and HPLC 
purification the following compounds are obtained: 

Example 65a NShikimyl-Gly-D2Nal-D4ClPhe-D3P^l-Ser-NMeTyr-DLys(N- 
30 epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 (Compound 207). 

Example 65b N-Dihydroshikimyl-Gly-D2Nal-M^ 

DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 (Compound 
208). 



35 



WO 95/04541 



PCT/US94/08678 



62 

Example 65c N-2Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 (Compound 209). 

Example 65d N-3Furoyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
5 epsilon-Nicotinyl)-Leu-Lys(N-epsilon-lsopropyl)-Pro-DAlaNH2 (Compound 210). 

Example 65e N-Picolyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsiIor 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 (Compound 21 1). 

10 Example 65f N-Nicotinyl-Gly-D2NaI-IMCIPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 (Compound 212). 

Example 65g N-Isomcounyl-Gly-D2Nal-IMClPhe-D3Pal-Ser-NMeTyr-DLys(N- 
epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-SarNH2 (Compound 213). 

15 

Example 66 

N.Tosvl-D2Nal-D4CIPhe-D3Pal.Sf.r- NMeTw-nrit-T ^u-Arg-Pro-nA l a NH 2 
(Compound 10c) 

The procedure described in Example 1 was used but instead of coupling with 
20 aceuc acid the resin-peptide was reacted with 10-fold excess of p-toluene sulfonyl 
chloride and 1-fold excess of pyridine in DMF overnight. After work-up, 
lyophilizauon, and HPLC purification N-Tosyl-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DCit-Leu-Arg-Pro-DAlaNH2 was obtained; R t = 4335 min; FAB Mass 
spec, m/e 1556 (M+H)+. Amino Acid Analysis : 1.03 Ala; 1.00 Pro; 0.98 Arg; 0.99 
25 Leu; 0.91 Cit; 1.01 NMeTyr; 0.50 Ser; 0.98 3Pal; 1.02 4ClPhe. 

Example 67 

N-(S)-Tetrahvdrofur-? -ovl.D2Nal-T>tap^ 
LvsflsDVPro -DAlaNFb (CnmpnnnH 12b) 
30 The procedure described in Example 1 was used but substituting (S)-tetrahydro-2- 

furoic acid for BOC-DTyr(0-2,6-Cl-Bzl) and skipping the coupling with acetic acid. 
After work-up, lyophilization, and HPLC purification N-(S)-Tetrahydrofur-2-oyl- 

D2Nal-D4ClPhe-D3PaI-Ser-r^eTyr-DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH 2 was 
obtained; R t = 28.38 min; FAB Mass spec, m/e 1591 (M+H)+. Amino Acid Analysis 
, 35 : 0.98 Ala; 1.00 Pro; 1.01 Leu; 1.69 Lys; 0.69 NMeTyr; 0.51 Ser. 
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Example 68 

N-rR)-Tetrahvdrofur-2-ovl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTvr-DLvs(NicVLeu- 
Lvs(IspVPro-DAlaNH2 (Compound 13b) 

The procedure described in Example 67 was used but substituting (R)-tetrahydro 
5 2-furoic acid for (S)-tetrahydro-2-furoic acid. After work-up, lyophilization, and 
HPLC purification N-(R)-Tetrahydrofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 was obtained; Rt = 29.51 min; FAB Mass 
spec, m/e 1591 (M+H)+. Amino Acid Analysis : 0.97 Ala; 1.01 Pro; 0.81 Leu; 1.66 
Lys; 0.81 NMeTyr; 0.52 Ser. 
10 Example 69 

N-fS)Tetrahvdrofur-3-ovl-D2Nal-I>K:iPhe-D3Pal-Ser-NMeTvr-DLvsfNicn-Leu- 
Lvs(IspVPro-DAlaNH2 (Compound 14b) 

The procedure described in Example 67 was used but substituung (S)-tetrahydro- 
3-furoic acid for (S)-tetrahydro-2-furoic acid. After work-up, lyophilization, and 
15 HPLC purification N-(S)-Tetrahydrofur-3-oyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 was obtained; Rt = 26.41 min; FAB Mass 
spec, m/e 1591 (M+H)+. Amino Acid Analysis : 1.02 Ala; 0.99 Pro; 0.95 Lys(Isp); 
1.0 Leu; 0.99 Lys; 0.86 NMeTyr; 0.50 Ser; 0.99 3Pal; 1.05 4ClPhe. 



20 Example 70 

N.<RVTetrahvdmfu r-3-ovl-D2Na1-r>4ClPhe-D3Pal-Ser-NMeTvr-DLvsrNicVT^ii- 
Lvsrtsm-Pro-DAIaNHo (Compound 15b) 

The procedure described in Example 69 was used but substituung (R)- 
tetrahydro-3-furoic acid for (S)-tetrahydro-2-furoic acid. After work-up, 
25 lyophilization, and HPLC purification N-(R)-Tetiahydrofur-3-oyl-D2Nal-D4ClPhe- 
D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 was obtained; Rt = 
26.88 min; FAB Mass spec, m/e 1591 (M+H)+. Amino Acid Analysis : 1.01 Ala; 
1.01 Pro; 0.93 Lys(Isp); 1.0 Leu; 1.00 Lys; 1.00 NMeTyr; 0.58 Ser; 1.03 3Pal; 1.05 
4ClPhe. 

30 Example 71 

N-Shikimvl-D2Nal-I>4ClPhe-D3Pal. Ser-NMeTvr-DLvs(NicVLeu-LvsrispVPnv 
DAlaM-b (Compound 16b) 

The procedure described in Example 67 was used but substituting shikimic 
acid for (S)-tetrahydro-2-furoic acid. After work-up, lyophilization, and HPLC 
35 purification N-Shikimyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 

Lys(Isp)-Pro-DAlaNH2 was obtained; R t = 23.53 min; FAB Mass spec, m/e 1648 
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NMeTyr; 0.56 Ser. 

Example 72 

The procedure described in Example 71 was used but substituting the 
5 appropriate acids for shikimic acid. After work-up, lyophilization, and HPLC 
purification the following compounds were obtained: 

Example 72a N-2-Furoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 (Compound 17b) R t = 29.51 min; FAB Mass spec, m/e 1586 
10 (M+H)+. Amino Acid Analysis : 0.98 Ala; 1.01 Pro; 1.01 Leu; 1.63 Lys; 0.89 
NMeTyr; 0.53 Ser. 

Example 72b N-3-Furoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 (Compound 18b) R t = 30.75 min; FAB Mass spec, m/e 1586 
1 5 (M+H)+. Amino Acid Analysis : 1 .04 Ala; 0.97 Pro; 1 .26 Lys(Isp) ; 1 .05 Leu; 0.97 
Lys; 1.04 NMeTyr; 0.53 Ser; 0.96 3Pal; 0.96 4ClPhe. 

Example 72c N-Thienyl-2-carbonyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2 (Compound 19b) R t = 31.01 min; FAB 
20 Mass spec, m/e 1602 (M+H)+. Amino Acid Analysis : 0.99 Ala; 0.99 Pro; 0.93 
Lys(Isp); 1.01 Leu; 0.94 Lys; 0.97 NMeTyr; 0.50 Ser; 1.08 3Pal; 1.15 4ClPhe. 

Example 72d N-Nicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 (Compound 20b) Rt = 23.63 min; FAB Mass spec, m/e 1597 
25 (M+H)+. Amino Acid Analysis : 0.99 Ala; 1.01 Pro; 0.95 Lys(Isp); 1.02 Leu; 0.97 
Lys; 1.06 NMeTyr; 0.48 Ser; 1.01 3Pal; 1.07 4ClPhe. 

Example 72e N-Picolinoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 Compound 21bb) Rt = 30.9 min; FAB Mass spec, m/e 1597 
30 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.03 Pro; 0.94 Lys(Isp); 1.01 Leu; 0.95 
Lys; 1.07 NMeTyr; 0.50 Ser; 0.99 3Pal; 1.06 4ClPhe. 

Example 72f N- (6-Hydroxy)nicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(lsp)-Pro-DAlaNH2 (Compound 22b) Rt= 23.80 min; FAB 
35 Mass spec, m/e 1613 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.02 Pro; 0.95 
Lys(Isp); 1.01 Leu; 0.96Lys; 0.98 NMeTyr; 0.51 Ser; 0.98 3Pal; 1.06 4ClPhe. 
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Example 72g N-Isonicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 (Compound 23b) Rt = 22.71min; FAB Mass spec, m/e 1597 
(M+H)+. Amino Acid Analysis : 1.00 Ala; 1.01 Pro; 0.93 Lys(Isp); 1.02 Leu; 0.97 
5 Lys; 1.10 NMeTyr; 0.42 Ser; 1.02 3Pal; 1.07 4ClPhe. 

Example 72h N-(3-Pyridylacetyl)-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)- 
Leu-LysGsp)-Pro-DAlaNH2 (Compound 24b) Rt= 22.71min; FAB Mass spec, m/e 
161 1 (M+H)+ Amino Acid Analysis : 0.99 Ala; 0.99 Pro; 0.92 Lys(Isp); 1.01 Leu; 
10 0.94Lys; 1.07 NMeTyr; 0.50 Ser; 1 .08 3Pal; 1 . 13 4ClPhe. 

Example 73 

N-Shildmvl-D2Nal-D4ClPhe-D3Pal-Ser-LvsfNicVDLvs(Nic)-Leu-LvsnspVPro- 
DAlaN±i2.(Compound 31b) 

1 5 The procedure described in Example 71 was used but substituting BOC- 

Lys(Nic) for BOC-NMeTyr(0-2,6-Cl-BzL). After work-up, lyophilization, and 
HPLC purification N-Shikimyl-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)-DLys(Nic)- 
Leu-Lys(lsp)-Pro-DAlaNH2 was obtained; Rt = 18.86 min; FAB Mass spec, m/e 
1704 (M+H)+. Amino Acid Analysis : 1.00 Ala; 1.03 Pro; 0.94 Lys(Isp); 1.03 Leu; 

20 1.97 Lys; 0.59 Ser; 0.97 3Pal; 1.00 4ClPhe. 

Example 74 

N-Nicotinvl.D2Nal-I>iaPhe-D3P&l-Ser-LvsfNicVDLvsfNicVLeu-Lvs(Is P VPro- 
DAlaNH? (Compound 32b) 

25 The procedure described in Example 71 was used but substituting BOC- 

Lys(Nic) for BOC-NMeTyr(0-2,6-Cl-BzL). After work-up, lyophilization, and 
HPLC purification N-Nicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)-DLys(Nic)- 
Leu-Lys(Isp)-Pro-DAlaNH2 was obtained; Rt = 20.05 min; FAB Mass spec, m/e 
1652(M+H)+. Amino Acid Analysis: 1.01 Ala; 1.01 Pro; 1.08 Lys(Isp); 1.05Leu; 

30 1.92 Lys; 0.56 Ser; 0.95 3Pal; 0.97 4ClPhe. 
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Example 75 

N>Shikjmvl-D2Nal-D4ClHie-D3Pa1-Ser-Tvr-DLvs^Nic)-Leu-LvsnspVPm- 
DAlahfrb (Compound 33b) 

The procedure described in Example 73 was used but substituting BOC- 
Tyr(0-2,6-Cl-Bzl) for BOC-Lys(Nic). After work-up, lyophilization, and HPLC 
purification N-Shikimyl-D2Nal-D4ClPhe-D3PaI-Ser-Tyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAIaNH2 was obtained; R t = 2238 min; FAB Mass spec, m/e 1634 (M+H)+. 
Amino Acid Analysis : 1.01 Ala; 0.99 Pro; 1.04 Lys(Isp); 1.00 Leu; 1.00 Lys; 0.92 
Tyr; 0.55 Ser; 0.97 3 Pal; 0.97 4ClPhe. 



Example 76 

N-(S>-Tetrahvdofu r.2-ovl-D2Nal-D4ClPhe-n3Pal-Ser-NMeTvr.DCit-T J eii-Arg-Pro- 
DAlaNH o (Compound 41b) 

The procedure described in Example 67 was used but substituting BOC-DCit 
15 for BOC-DLys(Nic) and BOC-Arg(Tos) for BOC-Lys(Isp,Cbz). After work-up, 
lyophilization, and HPLC purification N- (S)-Tetrahydofur-2-oyl-D2Nal-D4ClPhe- 
D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro-DAlaNH2 was obtained; R t = 37.15 min; 
FAB Mass spec, m/e 1501 (M+H)+. Amino Acid Analysis : 1.05 Ala; 0.97 Pro; 0.98 
Arg; 0.99 Leu; 1.05 Cit; 0.61 NMeTyr; 0.59 Ser; 1.00 3Pal; 0.98 4ClPhe. 



Example 77 

N-iR VTetiahvdof ur-2-ovl-D2Nal-D4ClPhe-D3Pal-Ser-NfMeTvr-DCit-Leu-Arp-Prr>- 
DAIaNHo /Compound 42b) 

The procedure described in Example 76 was used but substituting (R)- 
25 tetrahydro-2-furoic acid for (S)-tetrahydro-2-furoic acid. After work-up, 

lyophilization, and HPLC purification N-(R )-Tetrahydofur-2-oyl-D2Nal-D4ClPhe- 
D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro-DAlaNH2 was obtained; R t = 38.20 min; 
FAB Mass spec, m/e 1501 (M+H)+. Amino Acid Analysis : 1.01 Ala; 0.99 Pro; 0.99 
Arg; 1.01 Leu; 1.04 Cit; 0.68 NMeTyr; 0.50 Ser; 1.05 3Pal; 1.03 4ClPhe. 



Example 78 

The procedure described in Example 77 was used but substituting the 
appropriate acids for (R)-tetrahydro-2-furoic acid. After work-up, lyophilization, and 
HPLC purification the following compounds were obtained: 
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Example 78a N- (R )-5-Oxo4etrahydrofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DCit-Leu-Arg-Pro-DAlaNH2 (Compound 43b) was obtained; Rt = 37.40 
min; FAB Mass spec, m/e 1514 (M+H)+. Amino Acid Analysis : 1.02 Ala; 1.02 Pro; 
0.97 Arg; 0.98 Leu; 0.94 Cit; 0.68 NMeTyr; 0.51 Ser; 1.00 3Pal; 1.05 4ClPhe. 

5 

Example 78b N- (S )-5-Oxo-tetrahydrofur-2-oyl-D2Nal-D4ClPhe-D3Pal-Ser- 
NMeTyr-DCit-Leu-Arg-Pro-DAlaNH2 (Compound 44b) was obtained; Rt = 37.80 
min; FAB Mass spec, m/e 1514 (M+H)+. Amino Acid Analysis : 1.03 Ala; 1.02 Pro; 
0.98 Arg; 0.99 Leu; 0.91 Cit; 0.57 NMeTyr; 0.48 Ser; 1.01 3Pal; 1.05 4ClPhe. 

10 

Example 78c N-Shikimyl-D2Nal-I>CT 

DAlaNH2 (Compound 45b) was obtained; Rt = 32.45 min; FAB Mass spec, m/e 
1558 (M+H)+ Amino Acid Analysis : 1.02 Ala; 1.03 Pro; 0.91 Arg; 1.04 Leu; 1.04 
Cit; 0.94 NMeTyr; 0.52 Ser; 0.72 3Pal ; 1 .01 4ClPhe. 

15 

Example 78d N-2-Furoyl-D2Nal-I>4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg-Pro- 
DAlaNH2 (Compound 46b) was obtained; Rt = 38.30 min; FAB Mass spec, m/e 
1498 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.07 Pro; 0.97 Arg; 1.00 Leu; 0.93 
Cit; 0.60 NMeTyr; 0.60 Ser; 0.93 3Pal; 0.94 4ClPhe. 

20 

Example 78e N- Isomcotinyl-D2Nal-l>4CIPhe-D3 

Pn>DAlaNH2 (Compound 47b) was obtained; Rt = 32.80 min; FAB Mass spec, m/e 
1507 (M+H)+ . Amino Acid Analysis : 1.02 Ala; 1.02 Pro; 0.96 Arg; 1.00 Leu; 0.99 
Cit; 0.82 NMeTyr; 0.40 Ser; 1.04 3Pal; 1.09 4ClPhe. 

25 

Example 78f N- Hcolinoyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DCit-Leu-Arg- 
Pro-DAlaNH2 (Compound 48b) was obtained; Rt = 39.55 min; FAB Mass spec, m/e 
1507 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.03 Pro; 0.93 Arg; 1.04 Leu; 1.03 
Cit; 1 .07 NMeTyr; 0.50 Ser; 0.68 3Pal ; 0.95 4ClPhe. 

30 

Example 78g N-Nicotinyl-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DCit-Leu-Arg-Pro- 
DAlaNFto (Compound 49b) was obtained; Rt = 32.10 min; FAB Mass spec, m/e 
1507 (M+H)+. Amino Acid Analysis : 0.99 Ala; 1.00 Pro; 0.99 Arg; 1.01 Leu; 0.99 
Cit; 1.00 NMeTyr; 0.45 Ser; 1.01 3Pal; 1.00 4ClPhe. 



35 
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Example 78h N-(3-Pyridylacetyl)-D2^ 

Arg-ProDAIaNH2 (Compound 50b) was obtained; Rt = 32.0 min; FAB Mass spec, 
m/e 1521 (M+H)+ Amino Acid Analysis : 0.99 Ala; 1.02 Pro; 0.96 Arg; 1.02 Leu; 
0.98 Cit; 0.93 NMeTyr; 0.45 Ser; 1.14 3Pal; 1.19 4ClPhe. 

5 

Example 79 

N-Shikimvl-D2Nal-IMaP^ 

DAlaNH2 (Compound 52b) 

The procedure described in Example 78 was used but substituting shikimic 

1 o acid for 5-oxo-tetrahydrofur-2-oyl acid, BOC-Harg(NC>2) for BOC- Arg(Tos), and 
BOC-DLys(FMOC) for BOC-DCit. With the completion of the synthesis the resin 
was treated with 30% piperidine in DMF, washed and coupled with shikimic acid 
using two-two hours coupling protocol. After work-up, lyophilization, and HPLC 
purification N- Shikimyl-D2Nal-D4ClPhe-D3F^-Ser-NMeTyr-DLys(Shik)-Leu- 

15 Harg-Pro-DAlaNH2 was obtained: Rt = 15.54 min; FAB Mass spec, m/e 1699 
(M+H)+. Amino Acid Analysis : 1.01 Ala; 0.99 Pro; 0.99 Leu; LOO Lys; L02 
NMeTyr; 0.57 Ser; 0.98 3Pal; 1.04 4ClPhe. 

Example 80 

20 N (SV2-Tetrahvdrofurovl^^ 

epsilon-NicotinvlVLeu-Lvs( r N-epsilon"lsopropvn-Pro-AlaN H2 (Compound 2141 

The procedure described in Example 4 was used but substituting BOC- 
AlaNH-resin for BOC-DAlaNH-resin. After work-up, lyophilization, and HPLC 
purification N(S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 

25 DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-AlaNH2 was 
obtained as the trifluoroacetate salt; Rt = 18.88 min; FAB Mass spec, m/e 1647 
(M+H)+ Amino Acid Analysis: 1.00 Ala; 0.98 Pro; 1.18Lys(Isp); 1.01 Leu; 1.00 
Lys; 0.99 NMeTyr; 0.44 Ser; 1.14 D3Pal; 1.24 D4ClPhe; 0.98 Gly. 

30 Example 81 

N (SV2-Tetmhvdrofu^ 

NicotinvlVLeu-LvsfN-epsilo n-IsopropvlVPro-DAlaNHo (Compound 2151 

The procedure described in Example 4 was used but substituting BOC-2Nal 
for BOC-D2Nal. After work-up, lyophilization, and HPLC purification N-(S)-2- 
35 Tetrahydrofuroyl-Gly-2Nal-I^ 

Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the 
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trifluoroacetate salt; R t = 20.38 min; FAB Mass spec, m/e 1647 (M+H)+. Amino 
Acid Analysis : 1.01 Ala; 1.00 Pro; 1.25 Lys(Isp); 1.02 Leu; 1.00 Lys; 1.01 
NMeTyr; 039 Ser; 1.13 D3Pal; 1.22 D4ClPhe; 0.97 Gly. 

5 Example 82 

N (S)-2-Tetrahvd rofurovl-Glv-D2Nal-D4ClPhe-D3Pal-DSer-NMeTvT-Dl J vsrN- 
epsilon-Nicotinvn-Leu-Lv sm^psilon-IsoproDvl^FVo-nAlaNJ H2rrnmpniinH 2161 

The procedure described in Example 4 was used but substituting BOC- 
DSer(OBzl) for BOC-Ser(OBzl). After work-up, lyophilization, and HPLC 
1 o purification N(S)-2-Tetrahydrof uroyl-Gly-D2Nal-D4aPhe-D3Pal-DSer-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was 
obtained as the trifluoroacetate salt; Rt = 20.035 min; FAB Mass spec, m/e 1647 
(M+H)+. Amino Acid Analysis: 1.00 Ala; 0.99Pro; 1.16Lys(Isp); 1.01 Leu; 1.01 
Lys; 0.98 NMeTyr; 0.48 Ser; 1.15 D3Pal; 1.23 D4ClPhe; 0.99 Gly. 

15 

Example 83 

N (SV2-Tetra.hvdrofurovl-Glv-D 2Nal-D4ClPhe-3Pal-Ser-NMeTvr-DI J vsfN-fi P s ilnn- 
Nicotinvn-Leu-LvsfN-e psilon-Isopropvn-Pro-DAlaNH2( r:ompniinH 2171 

The procedure described in Example 4 was used but substituting BOC-3P&1 

20 for BOC-D3P&1. After work-up, lyophilization, and HPLC purification N-(S)-2- 
TetrahydrofuroyI-Gly-D2Nal-D4ClPhe-3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the 
trifluoroacetate salt; Rt = 20.24 min; FAB Mass spec, m/e 1647 (M+H)+ Amino 
Acid Analysis : 1.00 Ala; 1.00 Pro; 1.23 Lys(Isp); 1.01 Leu; 1.01 Lys; 1.01 

25 NMeTyr; 0.44 Ser; 1.14 D3Pal; 1.24 D4ClPhe; 0.98 Gly. 

Example 84 

N fSV2-Tetrahvdr nfurovl-Glv-D2Nal-D4ClPhe-D3Pal-Ser-NMeTvr-DT.v«(N - 
epsilon-Nicotinvl)-Leu-L vs(N-epsilon-IsopropvlVPro-DAlan H (Compound 2181 

30 The procedure described in Example 4 was used but substituting BOC-DAla- 

O-resin (Merrifield) for BOC-DAla-NH-resin (benzhydralamine). After treatment 
with HF, work-up, lyophilization, and HPLC purification N-(S)-2-Tetrahydrofuroyl- 
Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon-Nicotinyl)-Leu-Lys(N- 
epsilon-Isopropyl)-Pro-DAlaOH was obtained as the trifluoroacetate salt; Rt = 19.92 

35 min; FAB Mass spec, m/e 1647 (M+H) + . Amino Acid Analysis : 1.01 Ala; 1.00 Pro; 
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1.26 Lys(Isp); 1.02 Leu; 1.01 Lys; 1.02 NMeTyr; 0.42 Ser; 1.14 D3Pal; 1.25 
D4ClPhe; 0.97 Gly. 

Example 85 

N (SV2-Tetrahvdrofurovl-Glv-D2Nal-^ 
5 NicotinvlVI^u-LvsrN-^ 2191 

The procedure described in Example 4 was used but substituting BOC- 
Lys(Nic) for BOC-DLys(Nic). After work-up, lyophilization, and HPLC purification 
N-(S)-2-Tetrahydrofuroy^ 

Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the 
10 trifluoroacetate salt; Rt = 19.60 min; FAB Mass spec, m/e 1647 (M+H)+ Amino 
Acid Analysis : 1.00 Ala; 1.07 Pro; 1.25 Lys(Isp); 1.01 Leu; 1.01 Lys; 1.07 
NMeTyr; 0.40 Ser; 1.13 D3Pal; 1.25 D4ClPhe; 0.96 Gly. 



Example 86 

15 N (SV2-Tetrahvdrofurovl-Glv-D2Nal^ 

Nicotinvl)-Leu-Lvs(N-epsilon-IsopropvlVPro-DAla NH2 (Compound 2201 

The procedure described in Example 4 was used but substituting BOC-4ClPhe 
for BOC-D4ClPhe After work-up, lyophilization, and HPLC purification N-(S)-2- 
Teti^ydrofuroyl-Gly-D2Nal-4ClHie-3DPal-Ser-NMeTyr-DLys(N-epsilon- 

20 Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the 

trifluoroacetate salt; Rt = 19.85 min; FAB Mass spec, m/e 1647 (M+H) + . Amino 
Acid Analysis : 1.00 Ala; 1.01 Pro; 1.24 Lys(Isp); 1.01 Leu; 1.07 Lys; 1.06 
NMeTyr; 0.42 Ser; 1.14 D3Pal; 1.27 D4ClPhe; 0.97 Gly. 



25 Example 87 

N (S^2-Tetrahvdrofurovl-Glv-D2Nal-I^ 

epsilon-Nicoti nvlVDLeu-Lvs(N-ePsilon-lsopropvlVPro-DAlaNH2 (Compound 2211 
The procedure described in Example 4 was used but substituting BOC-DLeu 
for BOC-Leu. After work-up, lyophilization, and HPLC purification N-(S)-2- 
30 Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT>T-DLys(N-epsilon- 
Nicolinyl)-DLeu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the 
trifluoroacetate salt; Rt = 19.96 min; FAB Mass spec, m/e 1647 (M+H) + . Amino 
Acid Analysis : 1.00 Ala; 1.01 Pro; 1.24 Lys(Isp); 1.01 Leu; 1.01 Lys; 1.04 
NMeTyr; 0.37 Ser; 1.13 D3Pal; 1.26 D4ClPhe; 0.97 Gly. 
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Example 88 

N (SV2-Tetrahvdrofuro^ 

epsilon-Nicotinvn-I^^ 222) 
The procedure described in Example 4 was used but substituting BOC-DPro 
5 for BOC-Pro. After work-up, lyophilization, and HPLC purification N-(S)-2- 
Tetrahydrofuroyl-Gly^ 

Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-DPro-DAlaNH2 was obtained as the 
trifluoroacetate salt; R t = 19.71 min; FAB Mass spec, m/e 1647 (M+H)+ Amino 
Acid Analysis : 0.99 Ala; 1.01 Pro; 1.23 Lys(Isp); 1.01 Leu; 1.01 DLys; 1.06 
10 NMeTyr; 0.41 Ser; 1.14 D3Pal; 1.26 D4ClPhe; 0.98 Gly. 

Example 89 

N fS)-2-Tetrahvdrofurovl-GW^^ 

epsilon-NicotinvlVLeu-DLvs(N-epsilon-Isopropvn-Pro-DA laNH2 (Compound 223) 
15 The procedure described in Example 4 was used but substituting BOC- 

DLys(Isp,Cbz) for BOC-Lys(Isp,Cbz). After work-up, lyophilization, and HPLC 
purification N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-IMClPhe-D3FW-Ser-NMeTyr- 
DLys(N-epsilon-Nicotinyl)-I^u-DLys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was 
obtained as the trifluoroacetate salt; Rt = 15.15 min; FAB Mass spec, m/e 1647 
20 (M+H)+ Amino Acid Analysis : 1.00 Ala; 0.99 Pro; 0.95 Lys(Isp); 1.01 Leu; 1.02 
Lys; 1.00 NMeTyr; 0.42 Ser; 0.93 D3Pal; 1.10 D4ClPhe; 0.98 Gly. 

Example 90 

N ( SV2-Tetrahvdrofurovl-Gl v-D2Nal-D4ClPhe-D3Pal-Ser-DNMeT\T-DLvs(N- 
25 epsilon-Nic otinvn-Leu-LvsfN-epsilon-lsopropvn-ProDAlaN Ho (Compound 224) 
The procedure described in Example 4 was used but substituting BOC- 
DNMeTyr(0-2,6ClBzl) for BOC-NMeTyr(0-2,6ClBzl). After work-up, 
lyophilization, and HPLC purification N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal- 
D4ClPhe-D3Pal-Ser-DNMeTyr-DLys(N-epsilon-Nicotinyl)-Leu-Lys(N-epsilon- 
30 Isopropyl)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; R t = 19.60 min; 
FAB Mass spec, m/e 1647 (M+H)+. Amino Acid Analysis : 1.03 Ala; 1.00 Pro; 0.64 
Lys(Isp); 1.00 Leu; 1.00 Lys; 0.79 NMeTyr; 0.29 Ser; 0.98 D3Pal; 1.03 D4ClPhe; 
0.96 Gly. 



WO 95/04541 



PCT/US94/08678 



72 

Example 91 

N (R,SV2-Tetrahvdrofurovl-Glv-D2N^^ 

Nicorinvn-Leu-LvsfN-epsilon-IsopropvlVPro-DAlaNH o (Compound 225) 

The procedure described in Example 3 was used but substituting BOC-Tyr(0 
5 2,6ClBzl) for BOC-NMeTyr(0-2,6ClBzl), After work-up, lyophilization, and HPLC 
purification NKR,S)-2-Teti^yd^ 

DLys(N-epsilon-Nicotinyl)-Uu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was 
obtained as the trifluoroacetate salt; Rt = 19.14 min; FAB Mass spec, m/e 1633 
(M+H)+ Amino Acid Analysis: 0.99 Ala; 1.00 Pro; l.OOLys(Isp); 1.00 Leu; LOO 
10 Lys; 1.02 Tyr; 0.46 Ser, 0.98 D3Pal; L02 D4ClPhe; 0.96 Gly. 

Example 92 

N (SV2-Tetrahvdrofurovl-Glv-D2N^^ 
Lvsf N-epsilon-I sopropvl VPro-DAlaN Ho ( Compound 226) 
15 The procedure described in Example 4 was used but substituting BOC-DHcit 

for BOC-DLys(Nic). After work-up, lyophilization, and HPLC purification N-(S)-2- 
Tetrahydrofuroyl-Gly-mNal-IMClPte 

epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 20.58 
min; FAB Mass spec, m/e 1585 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.01 Pro; 
20 0.99 Lys(Isp); 1.01 Leu; 0.87 NMeTyr; 0.48 Ser; 0.99 D3Pal; 1.04 D4ClPhe; 0.98 
Gly. 

Example 93 

N (SV2-Tetrahvdrofurovl-Glv-D2Nal-mClPhe-D3P^-Ser-Tvr-DHcit-Leu-LvsrN- 
epsilon-IsopropvlVPro-DAlaNH ? (Compound 227) 

25 The procedure described in Example 92 was used but substituting BOC- 

Tyr(0-2,6ClBzl) for BOC-NMeTyr(0-2,6ClBzl). After work-up, lyophilization, and 
HPLC purification N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
DHcit-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the 
trifluoroacetate salt;Rt= 19.73 min; FAB Mass spec, m/e 1571 (M+H)+. Amino 

30 Acid Analysis : 1.00 Ala; 0.98 Pro; 0.87 Lys(Isp); 1.01 Leu; 0.99 Tyr; 0.52 Ser; 
0.91 D3Pal; 1.02 D4ClPhe; 0.98 Gly. 



WO 95/04541 



PCT/US94/08678 



73 

Example 94 

N (S)-2-Tetrahvdrofurovl-Glv-D^ 

LysW-epsilon-IsopropylVPro-DAlaNH ? (Compound 228) 

The procedure described in Example 4 was used but substituting BOC-DPhe 
5 for BOC-D4ClPhe. After work-up, lyophilization, and HPLC purification N-(S)-2- 
Tetrahydrof uroyl-GIy-D2Na^^ 

epsilon-Isopropyl)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 17.61 
min; FAB Mass spec, m/e 1613 (M+H)+. Amino Acid Analysis : 0.98 Ala; 0.98 Pro; 
0.87 Lys(Isp); 1.00 Leu; 0.97 NMeTyr; 1.02 Lys(Nic); 0.43 Ser; 0.89 D3Pal; 1.05 
10 Phe;0.95Gly. 

Example 95 

N (S)-2-Tetrahvdrofurovl^^ 
DAlaNHo (Compound 230) 

The procedure described in Example 4 was used but substituting BOC-Tyr(0- 

15 2,6ClBzl), BOC-DHcit and BOC-Arg(NC>2) for B0C-NMeTyr(O-2,6ClBzl), 

DLys(Nic) and BOC-Lys(Isp,Cbz), respectively. After work-up, lyophilization, and 
HPLC purification N-(S)-2-Tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 
DHcit-Leu-Arg-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 19.61 
min; FAB Mass spec, m/e 1557 (M+H)+. Amino Acid Analysis : 1.01 Ala; 1.04 Pro; 

20 0.96 Arg; 1.04 Leu; 0.93 Tyr; 0.5 Ser; 1.01 D3Pal; 1.08 D4ClPhe; 1.01 Gly; 1.01 
Hcit. 

Example 96 

N (SV2-Tetrahvdrofurov^^ 
Leu-Lvsasp)-Pro-DAlaNH2 (Compound 231 ) 
25 The procedure described in Example 4 was used but substituting BOC-Bala 

for BOC-Gly. After work-up, lyophilization, and HPLC purification N-(S)-2- 
Tetrahydrofuroyl-Bala-D2Nal-I^ 

Lys(Isp)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 19.37 min; 
FAB Mass spec, m/e 1661 (M+H)+ Amino Acid Analysis : 0.98 Ala; 1.00 Pro; 0.89 
30 Lys(Isp); 1.01 Leu; 1.01 Lys; 1.05 NMeTyr; 0.40 Ser; 0.99 D3Pal; 1.09 D4ClPhe. 

Example 97 

N (SV2-Tet ra hvdrofurovl-Gaba-D2Nal-mClPhe-D3Pal-Ser-^ 
Leu-LvsdspVPro-DAlaN H? (Compound 23 2) 
35 The procedure described in Example 96 was used but substituting BOC-Gaba 

for BOC-Bala. After work-up, lyophilization, and HPLC purification N_(S)-2- 
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Tetrahydrofuroyi-to^^ 

Lys(lsp)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 20.02 min; 
FAB Mass spec, m/e 1675 (M+H)+ Amino Acid Analysis : 0.97 Ala; 1.00 Pro; 0.90 
Lys(Isp); 1.01 Leu; 1.05 NMeTyr; 0.37 Ser; 0.98 D3Pal; 1.08 D4ClPhe. 

5 

Example 98 

N (Sl-2-Tetrahvdrofurovl-Aha^ 
Leu-Lvs(Isp)-Pro-DAlaNH2 (Compound 233 ) 

The procedure described in Example 96 was used but substituting BOC-Aha 
10 for BOC-Bala. After work-up, lyophilization, and HPLC purification N-(S)-2- 
Tetrahydrofuroyl-Aha-D2Nal-D4C^ 

Lys(Isp)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 22.1 1 min; 
FAB Mass spec, m/e 1717 (M+H)+. Amino Acid Analysis : 0.98 Ala; 1.00 Pro; 0.91 
Lys(Isp); 1.01 Leu; 1.01 Lys;1.06 NMeTyr; 0.38 Ser; 0.98. D3Pal; 1.08 D4ClPhe. 

15 

Example 99 

N (S)-2-Tetrahydro^ 
L ys(Isp)-Pro~DAlaNH2 (Compound 234) 

The procedure described in Example 96 was used but substituting BOC-Sar 
20 for BOC-Bala. After work-up, lyophilization, and HPLC purification N-(S)-2- 
Tetrahydrofuroyl-Sar-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic^ 
Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 20.266 min; FAB Mass 
spec, m/e 1661 (M+H)+ Amino Acid Analysis : 0.98 Ala; 1.00 Pro; 0.87 Lys(Isp); 
1.00 Leu; 1.01 Lys; 1.02 NMeTyr; .0.42 Ser; 1.00 D3Pal; 1.08 D4ClPhe; 0.89 Sar. 

25 

Example 100 

N (SV2-Tetrahvdrofurovl-Glv-D^^ 
LvsfIspVProDAlaNH2 (Compound 235 ) 

The procedure described in Example 4 was used but substituting BOC-DAla 
30 for BOC-D2NaI. After work-up, lyophilization, and HPLC purification N-(S)-2- 
TetrahydrofuroyI-Gly-DAla-D4ClPh^ 

Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 10.94 min; FAB Mass 
spec, m/e 1521 (M+H)+. Amino Acid Analysis : 1.96 Ala; 1.01 Pro; 0.91 Lys(lsp); 
1.02 Leu; 1.02 Lys; 1.10 NMeTyr; 0.38 Ser; 0.99 D3Pal; 1.09 D4ClPhe; 1.00 Gly. 



35 
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Example 101 

N (S)-2-Tetrahvdrofurovl-Glv-Sar-D4ClPhe-D3Pal-Ser-NMeTvr-DLvsrNi^-Tgii- 
LvsnsDVPro-DAIaNHo (Compound 236 1 

The procedure described in Example 4 was used but substituting BOC-Sar for 
5 BOC-D2Nal. After work-up, lyophilization, and HPLC purification N-(S)-2- 

Tetrahydrofuroyl-Gly-Sar-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)- 
Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt= 1 1.49 min; FAB Mass 
spec, m/e 1521 (M+H)+. Amino Acid Analysis : 0.98 Ala; 1.01 Pro; 0.91 Lys(Isp); 
1.02 Leu; 1.01 Lys; 1.09 NMeTyr; 0.36 Ser; 0.99 D3Pal; 1.09 D4ClPhe; 0.93 Sar; 
10 0.99 Gly. 

Example 102 

N (S)-2-Teti^vdrofurovl-Aca-D2N al-mClPhe-D3Pal-Ser-NMeTvr-nT .vsrN Iirl- 
Leu-LvsdspVPro-DAlaNH ? (Compound 23 71 

The procedure described in Example 4 was used but substituting BOC-Aca for 
15 BOC-Gly. After woric-up, lyophilization, and HPLC purification N-(S)-2- 

Tetrahydrofuroyl-Aca-D2Nal-D4aPhe-D3Pd-Ser-NMeTyr-DLys(Nic)-Leu- 
Lys(Isp)-Pro-DAlaNH2 was obtained as the trifluoroacetate salt; Rt = 20.45 min; 
FAB Mass spec, m/e 1703 (M+H)+. Amino Acid Analysis : 0.97 Ala; 1.00 Pro; 0.89 
Lys(Isp); 1.01 Leu; 1.01 Lys; 1.07 NMeTyr; 0.44 Ser; 1.11 D3Pal; 1.08 D4ClPhe; 
20 1.01 Aca. 
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WHAT IS CLAIMED IS: 

1 . A peptide having structure I or pharmaceutically acceptable salt thereof 

X-A-B-C-D-B-F-G-B-X-J-X 
0123456789 10 11 

I 

5 wherein 

X is an acyl group selected from the group consisting of 

(a) dihydroshikimyl, 

(b) 2-furoyl, 

(c) 3-furoyl, 

1 o (d) tetrahyrof uro-2-yl , 

(e) tetrahydrofuro-3-yl, 
(0 (thien-2-yl)carbonyl, 

(g) (thien-3-yl)carbonyl, 

(h) (tetrahydrothien-2-yl)carbonyl, 
15 (i) (tetrahydrothien-3-yl)carbonyl, 

(j) pyrrol-2-yl)carbonyl, 
(k) (pyrrol-3-yl)carbonyl, 
(1) prolyl, 

(m) N-acetyl-prolyl, 
20 (n) 3-(indolin-3-yI)propionyl, 

(o) (indolin-3-yl)acetyl, 

(p) (indolin-2-yl)carbonyl, 

(q) (indolin-3-yl)carbonyl, 

(r) benzo[t]fur-2-yl)carbonyl, 
25 (s) (dihydrobenzo[fo]fur-2-yl)carbonyl, 

(t) (tetrahydrop>Tan-2-yl)carbonyl, 

(u) (tetrahydropyran-3-yl)carbonyl, 

(v) (piperidin-3-yl)carbonyl, 

(w) (N-acetylpiperidin-3-yl)carbonyl, 
30 (x) nicotinyl, optionally substituted with alkyl of from one to six 

carbon atoms, alkoxy of from one to six carbon atoms, 
halogen, or hydroxy, 
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(y) isonicotinyl, optionally substituted with alkyl of from one to six 
carbon atoms, alkoxy of from one to six carbon atoms, 
halogen, or hydroxy, 

(z) picolinoyl, 

(aa) 2-, 3- or 4-quinolinecarbonyl, optionally substituted with alkyl of 
from one to six carbon atoms, alkoxy of from one to six 
carbon atoms, halogen, or hydroxy ; 

(bb) salicyl, 

(cc) shikimyl, and 

(dd) /?-toluenesulfonyl. 

A is absent or is an aminoacyl residue selected from the group consisting of 
D-alanyl, 

3- aminopropionyl, 

4- aminobutyryl, 

5- aminovaleryl, 

6- amino-hexanoyl, 

7- aminoheptanoyl , 

8- aminooctanoyl, 

1 1-aminoundecanoyl, 

azaglycyl, 

glycyl, 

sarcosyl, and 

D-seryl; 

B is an aminoacyl residue selected from the group consisting of 
D-phenylalanyl, 
D-3-(4-chlorophenyl)aIanyl, 
D-3-(4-fluorophenyl)alanyl, 
D-3-(quinolin-3-yl)alanyl , 
sarcosyl, 
glycyl, 
azaglycyl, 

D-33-diphenylalanyl, 
N a -methyl-D-3-(naphth-2-yl)alanyl, and 
D-3-(naphth-2-yl)alanyl ; 
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C is an aminoacyl residue selected from the group consisting of 
D-3-(4-chlorophenyl)alanyl, 
D-33-diphenylalanyl, 
75 D-3-(4-fluorophenyl)alanyl, 
D-3-(naphth-2-yl)alanyI, 
D-phenylalanyl, and 
D-3-(quinolin-3-yl)alanyl; 

D is an aminoacyl residue selected from the group consisting of 
D-alanyl, 

D-3-(benzo[fc]thien-2-yl)alanyl, 
glycyl, 

D-3-(naphth- 1 -yl)alanyl, 
D-3-(pyrid-3-yl)alanyl, 
D-3-(quinolin-3-yl)alanyl, and 
D-3-(thiazol-2-yl)alanyl ; 

E is an aminoacyl residue selected from the group consisting of 
90 glycyl, 
L-seryl, 
L-homoseryl, 
L-seryl(Obenzyl), and 

N a (Rl)-L seryl where Rl is alkyl of from one to four carbon atoms; 

95 

F is an aminoacyl residue selected from the group consisting of 
NOKR^-alanyl, 

N a (R 1 )-(3-(4-(3-amino-l^,4-triazol-5-yl)amino)phenyl)alanyl, 

N a (R 1 )-(3-(4-((3-amino- 1 ,2,4- triazol-5-amino)methyl)phenyl)alanyl, 
100 N a (R 1 )-(3-(4-(3-amino-l^,4-triazol-5-yl)amino)cyclohexyl)alanyl, 

N a (R 1 )-(3-(4-(nicotinyl)amino)cyclohexyll)alanyl, 

N^R^-CN-E-nicotinyOlysyl, 

N a (Rl)-(N-£-(3-amino-U,4-triazol-5-yl)lysyl, 

N a (R 1 )-3-(4-nitrophenyl)alanyl, 
105 N ct (R 1 )-3-(4-aminophenyl)alanyl, 

N ct (R 1 )-3-(4-aminocyclohexyl)alanyU 
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N«(Rl)-tyrosyl, 
N«(Rl)-tyrosyl(0-methyl), 
Na(Rl)-phenylalanyl, 
110 N^R^-cyclohexylalanyl, 
N«(Rl)-g1ycyl, 
N«(Rl)-arginyl, 
N«(Rl)-histidyl, and 

N ct (R 1 )-homoarginyl; where R 1 is hydrogen or alk>'l of from one to 
115 four carbon atoms; 



G is an aminoacyl residue selected from the group consisting of 
glycyl, 
D-citrullyl, 
120 D-homocitrullyl, 
fj-alanyl, and 

an aminoacyl residue of the structure 



*) H 



125 where 

X is selected from the group consisting of 
-(CH2)n- where n is one to six and 
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Y is absent or is an aminoacyl residue selected from the 
group consisting of 
D-alanyl, 
L-alanyl, 

4- aminobutyryl, 

5- aminopentanoyl, 

6- aminohexanoyl, 

7- aminoheptanoyl, 

8- amino-octanoyl, 

1 1-aminoundecanoyl, 
azaglycyl, 

D-3-(benzo[fc]thien-2-yl)alanyl, 

L-3-(benzo[&]thien-2-yl)alanyl, 

D-3-(4-chlorophenyl)alanyl, 

D-cyclohexylanalyl , 

glvcyl, 

D-histidyl, 

D-histidyl(benzyl), 

D-Ieucyl, 

D-3-(naphth-2-yl)alanyl, 

D-phenylalanyl, 

D-3-(pyrid-3-yl)alanyl, 

sarcosyl, 

seryl, 

D-seryU 

D-threonyl, 

D-3-(thiazol-4-yl)alanyl, 

D-tryptyl, 

D-tyrosyl, 

D-tryosyl(O-methyl), and 
D-valyl; 
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Z is either absent or is an aminoacyl residue selected 
from the group consisting of 
170 D-alanyl, 

L-alanyl, 
azaglycyl, 
D-cyclohexylalanyl, 
glycyl, 

1 ?5 D-histidyl, 

D-phenylalanyl, 
3-((4-(3-amino- 1 ,2,4-triazol-5- 
yl)amino)phenyl)alanyl, 
(3-(4-((3-amino-l ,2,4-triazol-S 

180 yl)amino)methyl)phenyl)alanyI, 

sarcosyl, 
D-seryl, 
L-seryl, and 



A, 



185 



(CH 2 ) m 
H 



where m is an integer of from 
one to twelve, inclusive. 
R2 is 3-amino-l,2,4- 
triazol-5-yl or is an acyl 
group selected from the group 
consisting of acetyl; (4- 
acetylpiperazi n- 1 -yl)carbonyl ; 
(adamant- 1 -yl )carbonyl ; 
benzoyl, optionally substituted 
with a group selected from alkyl 
of one to four carbon atoms, 
alkoxy of one to four carbon 
atoms, and halogen; butyryl; 
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cyclohexylcarbony 1 ; 
dihydroshikimyl; formyl; 
nicotinyl; 2-furoyl; 2- and 6- 
hydroxynicotinyl; (indol-2- 

205 yl)carbonyl ; isonicotinyl ; (4- 

methylpiperazin- l-yl)carbonyl; 
(morpholin- 1 -yl)carbonyl ; 
2- and 6-methylnicotinyl; 1- and 
2-naphthoyl optionally 

21 o substituted with a group selected 

from alkyl of one to four carbon 
atoms, alkoxy of one to four 
arbon atoms, and halogen; 
picolyl; (piperazin-1- 

2! 5 yl)carbonyl ; propionyl, 

pyrazinoyl; pyridylacetyl; 

(pyrrolyl)carbonyl; 

(quinolinyl)carbonyl; salicyl; 

shikimyl; 2-(tetrahydrofuroyl), 
220 and (thien-2-yl)carbonyl ; 



H is an aminoacyl residue selected from the group consisting of 
L-leucyl; 
N(R 1 )-L-leucyl; 
225 glycyl; 

sarcosyl; 

prolyl; 

L-valyl; 

L-cyclohexylalanyl; and 
230 N a (R 1 )-L-cyclohexylalanyl; 

where R 1 is hydrogen or alkyl of from one to six carbon 
atoms; 
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I is an aminoacyl residue selected from the group consisting of 
L-citrullyl; 
L-homocitrullyl; 
240 L-histidyl; 

L-(N-e-isopropyl)lysyl ; 

L-arginyl; 

N^R^-L-arginyl; 

L-homoarginyl; 

245 L-2-ami no-6-NS-ethylguanidinohexanoyl ; and 

L-2-amino-6-N8,Ng-diethylguanidinohexanoyl; 

J is an aminoacyl residue selected from the group consisting of 
L-prolyl; 

250 4-hydroxy-L-prolyl ; 

L-pipecolyl; 
L-azetidinyl; 

L«2,8-tetrahydroisoquinoline-2-carbonyl, 
N(R!)-L-leucyl; 
255 sarcosyl ; glycyl ; and 

N(Rl)-L-alanyl; 

where R 1 is hydrogen or alkyl of from one to six carbon 
atoms; and 

260 

K is -NH(CH2CH3) or is an aminoacyl residue selected from the 

group consisting of 

D-alanylamide, 

D-alanyl(OH), 
265 D-glutamyl(OH), 

L-glutamyl(OH), 

N(R 1 )-L-alanylamide, 

NCR^-D-alanylamide, 

sarcosamide, 
270 D-serylamide, 

azaglycylamide, and 
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glycylamide, 

where R* is as defined above and with the proviso that when 
27 5 K is -NH(CH 2 CH 3 ) then J is L-prolyl. 



2 . A peptide or pharmaceutical! y acceptable salt thereof as defined by Claim 1 
wherein X is selected from the group consisting of 
tetrahydrof ur-2-oyl , 
tetrahydrof ur-3-oyl, 
5 fur-2-oyl, 
nicotinyl, 
isonicotinyl, 
shikimyl, 
dihydroshikimyl, 
1{ > (tetrahydrothien-2-yl)carbonyl, 
(pyrrol-2-yl)carbonyl, 
prolyl, 

(indol-2-yl)carbonyl, 
3-(indol-3-yl)propionyl, 
15 (dihydiobenzo[6]f ur-2-yl)carbonyl, and 
(tetrahydropyran-2-yl)carbonyl. 

3 . A peptide or pharmaceutical^ acceptable salt thereof having the structure 
X.Gly.D2NaI-D4CIPhe.D3PaI-Ser-AA 6 -AA 7 -Leu.AA 9 -Pro-AA 10 
wherein 

5 X is an acyl group selected from the group consisting of 

tetrahydrof ur-2-oyl , 
tetrahydrofur-3-oyl, 
fur-2-oyl, 
nicotinyl, 
10 isonicotinyl, 
shikimyl, 
dihydroshikimyl, 
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(tetrahydrothien-2-yl)carbonyI, 

(pyrrol-2-yl)carbonyl, 

prolyl, 

(indolin-2-yl)carbonyl, 
3-(indol in-3-yl ) propi onyl , 
(dihydrobenzo[6]fur-2-yl)carbonyl, and 
(tetrahydropyran-2-yl)carbonyl. 



A A 6 is an aminoacyl residue selected from the group consisting of t 
tyrosyl, 
arginyl, 

N a -methyltyrosyl, 

lysyKN-epsilon-CS'-amino-lH-l'^'^'-triazol-S-yl)), and 
Na.methyl-3-(4-(3 , -amino-lH-l f > 2 , ,4 , -triazol-5- 
ylmethyl)phenyl)alanyl ; 



AA 7 is an aminoacyl residue selected from the group consisting of 
D-citrullyl, 

D-lysyl(N-epsilon nicotinyl), 
D-lysyl(N-epsilon glycyl nicotinyl), 
D-lysyl(N-epsilon azaglycyl nicotinyl), 
D-lysyl(N-epsilon shikimyl), 
D-lysyl(N-epsilon glycyl shikimyl), 
D-lysyl(N-epsilon azaglycyl shikimyl), 
D-lysyl(N-epsilon dihydroshikimyl), 
D-lysyl(N-epsilon glycyl dihydroshikimyl), 
D-lysyl(N-epsilon azaglycyl dihydroshikimyl), 
D-lysyl(N-epsilon fur-2-oyl), 
D-lysyl(N-epsilon glycyl fur-2-oyl), 
D-lysyl(N-epsilon azaglycyl fur-2-oyl), 
D-lysyl(N-epsilon tetrahydrof ur-2-oyl), 
D-lysyl(N-epsilon glycyl tetrahydrofur-2-oyl), and 
D-lysyl(N-epsilon azaglycyl tetrahydrofur-2-oyl); 
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is an aminoacyl group selected from the group consisting of 
lysyl(N-epsilon isopropyl), 
arginyl, 

L-(N8, N8-diethyl)homoarginy] , and 
homoarginyl; 

A A* ^ is an aminoacyl residue selected from the group consisting of 
D-alanylamide, and D-sarcosamide. 

A compound as defined by Claim 2 or pharmaceutically acceptable salt 
thereof selected from the group consisting of 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(N-epsilon- 
Nicounyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(R^)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Azagly-NicoUnyl)-Leu-Lys(N-epsilon-Isopropyl)-Pn> 
DAlaNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr- 

DLys(Gly-Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 

N-(R,S)-Tetrahydro-Fur-2-oyl-GIy-D2Nal-D4aPhe-D3Pal-Ser-NMeTyr- 
DCit-Leu-Arg-Pro-DAlaNH2; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DCit-Uu-Arg-Pn> 
DAlaNH2; 

N-Shikimyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu-Arg- 
Pro-DAlaNH2; 

N-Nicotinyl-Gly-KNal-IMClPhe-D3Pal-Ser-NMeTyr-DLys(Shik)-Leu- 
Harg-Pro-DAIaNH2; 

N-(R^)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 

DLys(Azagly-2Fur)-Leu-Lys(Isp)-Pro-DAlaNH2; 
N-Shik-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DL>-s(Azagly-Nic)-Leu- 

Lys(Isp)-Pro-DAlaNH2 ; 

N-Shik-D2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(Azagly-2Fur)-Leu- 

Lys(Isp)-Pro-DAlaNH2; 
N-(2-Furoyl)-Azagly-D2Nal-D4ClPhe-D3Pal-Ser-NMeT\T-DLys(Nic)-Leu- 

Lys(Isp)-Pro-DAlaNH2; 
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N-(R,S) Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 

DLys(Nic)-Leu-Lys(Isp)-Pro-SarNH2; 
30 N-(S)-Tetrahydrofur-2-oyI-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 

DLys(Nic)-Leu-Lys(Isp)-Pro-SarNH2; 
N-(R)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 

DLys(Nic)-Leu-Lys(Isp)-Pro-SarNH2; 
N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMePhe(Me- 
35 Atz)-DPhe(Me-Atz)-Leu-Lys(Isp)-Pn>-SarNH2; 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Atz)- 

DLys( Atz)-Leu-Lys(I sp)-Pro-SarNH2; 
N-(R,S)-Tetrahydrofur-2-oyl-GIy-D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 

DLys(Nicotinyl)-Leu-Lys(Isp)-Pro-DAlaNH2; 
40 N-(R^)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)- 

DLys(Nic)-Leu-Lys(Isp)-Pro-DAlaNH2; 
N-(R,S)-Tetrahydrofur-2-oyl-G]y-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DCit-Leu- 

Arg-Pro-DAlaNH2; 
N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHcit- 
46 Leu-Arg-ProDAlaNH2; 

N-(R,S)Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHcit- 

Leu-Lys(lsp)-Pro-DAlaNH2; 
N-(R,S)-Tetrahydrofur-2-oyl-Gly.D2Nal-D4ClPhe-D3Pal-Ser-Tyr- 

DHarg(Et2)-Leu-Harg(Et2)-Pro-DAlaNH2; 
50 NKR,S)-Tetiahydrofur-2-oyI-Gly-D2Nal-mClPhe-D3Pal-Ser-NMePhe(Aiz)- 

DPhe(Atz)-Leu-Lys(Isp)-Pn>DAlaNH2; 
N-(R,S)-Tetrahydrofur-2-oyl-Gly.D2Nal-D4ClPhe-D3Pal-Ser-Phe(Atz)- 

DPhe(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2; 
NKR,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4aPhe-D3PaI-Ser-NMePhe(Me- 
55 Atz)-DPhe(Me-Atz)-Leu-Lys(Isp)-Pro-DAlaNH2; and 

N-(R,S)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-Lys(Atz)- 

DLys(Atz)-Leu-Lys(Isp)-Pro-DAlaNH2. 
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5. An undecapeptide or pharmaceutical^- acceptable salt thereof having LHRH 
antagonist activity having the structure 
X.GIy.D2Nal.D4ClPhe-D3PaI-Ser-N a MeTyr.AA 7 .Leu.Lys(Isp)-Pro-AA 10 
wherein 

5 X is an acyl group selected from the group consisting of 

tetrahydrof ur-2-oyl , 
fur-2-oyl, 
nicotinyl, 
isonicotinyl, 
10 shikimyl, and 

dihydroshikimyl; 

A A 7 is an aminoacyl residue selected from the group consisting of 

D-citrullyl, 
15 D-homocitrullyl, 

D-lysyl(N-epsilon nicotinyl), 

D-lysyl(N-epsilon glycyl nicotinyl), 

D-lysyl(N-epsilon azaglycyl nicotinyl), 

D-Iysyl(N-epsilon shikimyl), 
20 D-lysyl(N-epsilon glycyl shikimyl), 

D-lysyl(N-epsilon azaglycyl shikimyl), 

D-lysyl(N-epsilon dihydroshikimyl), 

D-lysyl(N-epsilon glycyl dihydroshikimyl), 

D-lysyl(N-epsilon azaglycyl dihydroshikimyl), 
25 D-lysyl(N-epsilon fur-2-oyl), 

D-lysyl(N-epsilon glycyl fur-2-oyl), 

D-lysyl(N-epsilon azaglycyl fur-2-oyl), 

D-lysyl(N-epsilon tetrahydrofur-2-oyl), 

D-lysyl(N-epsilon glycyl tetrahydrof ur-2-oyl), and 
30 D-lysyl(N-epsilon azaglycyl tetrahydrofur-2-oyl) ; 

AA 1 0 is an aminoacyl residue selected from the group consisting of 
D-alanylamide, and D-sarcosamide. 
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6. A compound or pharmaceutical! y acceptable salt thereof as defined by Claim 
4 selected from the group consisting of 

N[(R,S)-Tetrahydrofur-2K)yl]-Gly-D2NaI-IMClPhe-D3Pal-Ser-N«MeTyr- 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAlaNH2; 
5 N[(S)-Tetrahydrofur-2-oyl]^ 

DLys(Nicotinyl)-Leu-Lys(N-epsilon-Isopropyl)-Pro-DAIaNH2;and 

N[(R)Tetrahydrofur-2-oyl]-Gly-D2Nal-D4ClPhe-D3Pal-Ser-N a MeTyr- 
DLys(Nicotinyl)-Leu-Lys(N-epsilon-I sopropyl)-Pro-DAlaNH2 . 

10 

7. A pharmaceutical composition for suppressing sex hormones in a mammal 
comprising a therapeutically effective amount of a compound as defined by 
Claim 1 in combination with a pharmaceutical^ acceptable carrier. 



8. 



A method of suppressing sex hormones in a mammal comprising 
administering a therapeutically effective amount of a compound as defined by 
Claim 1. 
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